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(54) Tide: METHOD AND APPARATUS FOR KIDNEY DIALYSIS 



(57) Abstract 

Methods arc disclosed for 
providing operationial instructions 
to a hemodialysis circuit (10) hav- 
ing a dialysis filter (48) and a capa- 
bility of operating according to a 
time-varying parameter such as var- 
iable ultrafiltration. According to 
the methods, entered are a desired 
time period, a target cumulative va- 
lue of the parameter, such as target 
ultrafiltration volume, and a pro- 
posed time-varying profile of the 
parameter that is representable as a 
plot of coordinates in a region de- 
fined by an ordinate of values of 
the parameter and a time-based ab- 
scissa defining a profile cumulative 
value of the parameter. If the pro- 
file cumulative value is not equal to 
the target cumulative value, then 
the proposed time-varying profile is 
changed along the ordinate to make 
the cumulative values equal. The 
circuit (10) then operates according 
to the changed profile to achieve 




to me cnangcu j/iwn» w . . 

the entered target cumulative value within the time period. 
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ME ,BO» U» APPARATUS FOR KIDNEY OIALYSIE 

imr nrnff iwt»< 
^ ^ ^« — - — " *** " dm "- 

T. „«*i»«*orfi™ ..top-*" i"-^ 
F,G. 2 i. . «1— h *" „ „. 

p-» - " b! ^r^ to »»«««' ^ 

FIG. 5 is» •ebmmc " m «"~~ 

FIG. 7 shows a block diagram of a computer system 
M* odiinent .. lllv ^ m the preferred embodiment. 

FIG. 11 shows a programming screen used m 

BETAII SB BESCBgnaL 

Hvjrauiic CirouiL 

f«r«d embodiment of an unproved 

— *— ,M " 6ff 

water pressure regulator 12, a wai 
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ILT W *- 'A'ccoductivity probe ,».. 'B'ccmcaiWe W 

m interconnected as shown in FIGS. 1A and IB. 
1-5 die water on/off valve 14 is closed. 

^ . .„„ in -jectrical resistance that is inversely 

sensitive resistor which expenences a change m electneal resist 

Z^croprocessor (not shown in FK*. lAand »>^^»^^T 
thermistor for turning the heater 18 on and off as required to maintain the water temperature 

at the proper level. .^.^ -acetate" concentrate as 

The "A" concentrate pump 22 propels ertner acw 

rt fmm a container thereof 88 into the air gap chamber 26. The "A" 
known m the art from a container inereo 



25 



30 



known in the art from a couuuu» — • — - .„ 

aw"™"**" a «tenoer motor 90 cahbratable to 

M is a fixed-volume cam-dnven pump. A stepper mow* ™ 
concentrate pump 22 is a hxen . A .conc«trate 
nrtate a precise number of rotations per nnnute « preferably used to on 
pnmp ^sfcpper motor induces a shall (no, shown) to whtch - — 

* a flexible diaphragm 92, thereby delivering a known volume of A 

35 shown) wh.cn engages flexibl P g- shown) on the c«n monitors 

concentrate per each rotatton of the cam. An optical sensor 

0* angular region of the cam for processing by the ^ ^ * 

mi JLsor. usmg information pertaining to dia,ysate flow rate and concentrate parameters 
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..^iwl in detail hereinbelow), 
bv the machine operator using a touch screen (described in oe 
ent " edby , Zltrate necessary to achieve a correct ratro of water and A 

calcaktes the amount of concentrate necessary _ ^ velocity 

concentrate for hemodialys.s therapy. The microprocessor thereby J 

of the stepper motor shaft. 94 is used to deliver * A' concentrate from the supply 88 

M "A-concentrate line 94 is used to . A - citrate toe 

w When rinsing the machine, the A co«wh»» 
hereof to the "A'concentrate pump 22. When nnsmg ^4,.*- 
^iscoupled to the 'A-rinse fitting 2S which serves as a source of nnse 

1. — N - — * - "A" concentrate toe 94*0^*. 
disinfect fitting 96 which enables the "A'cooceottto pump 22 to deliver a chemical 

40 ^ rlgap c*^ * through *e supply v*ve 24. T* 

Heated water enters the a* g* . float l00 inside the air 

24 when the water level in the air trap 36 rises. The air gap 102 

The air ^ 102 m me ch^ 26 is at atmospheric pressure. 
The air gap in the event of a pressure 

( . water from flowing backward (upstream) mine 

helps prevent incoming ww« « 

drop in the water supply 82. 1A and IB but described in further 

The -B-rinse fittmg 30 supplies water ior 5 

1 -j .„ ,u« •n* rinse fittmg 30. During ac«an» 
^ Hnse. me -T-~~ toe ^^^^rec^ 
dialysis.the ^"concentrate line 104 U also coupled to the nnse 
of acetate dialysate solution therethrough. ^ 

FIGS. lAand IB but described in farther new. 

«*»• 500 " ,dHi,> - * loe wm „ ch. w «• 



20 



25 



WO 94/11093 



PCT/US93/ 10991 



10 



IS 



20 



25 



30 



35 



•n* air-removal sprayer 32 breaks the liquid into small droplet as it is subjected to the 
sutatxnospheric pressure, which favors the formation of air bubbles. 

The air trap 36 vents air bubbles liberated from the liquid by the deacon 
^ » M 108 open to the atmosphere. The * trap aUo confcin, the 

float 100 discussed hereinabove. 

^.oU^^^P"^ The cflOtativityniMiuml K ft. A 

•a-.— A "° d t!!l2 

too. M) «bid> prfba. ft. —or «»«*»• ■ 

_» i. «o«Ml to ft. ""** «« «""»■ o* B 

FIOS !A^lBd»^»<»<i^ft Ws< »»«« TO " WlyU '-'' ta ^ 

p,^,, ^ „f -A-.— - — » «» **~ - 

the *B" conductivity probe 46. 

The -B-conductivity probe 46 monitors dialysate conductive Electron* 

circuitry (no, shown) cou P .ed . me ^conductivity probe 46 ~* comity 
measured at the -A-conductivity probe 38 from me conducUv,ty measured at the B 
eo^ty probe 46. During acetate dia.ysis.the difference in these conduct re^ngs 
iTbe JT Since conductivi^measurements ~_ 
124 is included with the "B-conductivity probe 46 to provide temperature compen-** .ofthe 
.B-conductiv.tyreading. Tne thermistor 124 also comprises . portion of . redundant htgh 

temperature alarm subsystem. 

Before describing the hydraulic circuit any further, it is appropriate to bnefly 
describe the flow equalizer 54. The flow equalizer 54 comprises a first chamber 126and a 
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. h , m of mhsan my equal volume. Each chamber 126. 128 is comprised of 
second chamber 128 of substana y =4 ^^^-nt 130 132 and the other a 

^compartments, one termed a "pre^ialyzer" or "pre compartment 10. 32 

rf TTr .post-compartment 134. 136. Each pair of oppoang Wand p~ 
•post^alyrer or post company Soleooid . 8C mated valves 142-149 

chamber, issued by a flextble dumhragm 138. 40. ^Sol 

5 control me ffl^and enutying of e«b ^T^T^I^ 
134 . 136 is comply M b— " ^ ££IT 

130 . 132 ^alte^y^anddi^endthe ^ 

dialyzer. The post ^^^j""** dialysate to a drain line 150. For example, dialysate from 
^TZZZ'ZL* m.merehydisplacm^ diaphragm 140m 

. . ,^ wmf iMfflfewMle W«>mpartinent 130 empties. 

The now equauz^ Wco mpartment 130 with fresh dialysate 

142.145.147.^ 148 torn on.the.eby nlhng*e f- 

displacing 0* duphragm 138 to the right in FIGS. 1 A and IB. Such " 
ana ui»pi-^ 6 v»st" compartment 134, which Bas a 

diaphragm 138 expels "spent" dialysate contamed m the post coa ^ a 

, . M^v,m the Wcompartment 130. to pass to the dram lme 150. At 
20 volume equal to the vohnne m the pie wcompartment 136. thereby 

«me time, effluent dialysate from the dialyzer enters the post©-, 
us same tune, ' displaced to the left in FIGS. 1A and IB to expel an equal 

^ "ZZZ^SZ-*" 132 . the dialyzer. in the ^ Phase, 
volume of fresh dudysate from the pre compare 

.„ the solenoid valves 142-149turn off for a short penod of hme if at 

* ^eliminate, adverse affects on ulUa««tion .curacy ~ £ 

least two o -post" compartment 134 to fill with effluent 

,44.146.-* 149 are energ»zed. causmg me ^"T"™ Wcompartment 130 to the 
dialysate from the dialyzer. thereby expelling fresh fcalysate from pre 
' " . ^ .^.compartment 132 simultaneously fills with fresh dralysate from the 
TjT^JZy e^mZuent dialysate from mo ren-inin, "post" cornet 
30 II ^ ph^. aU the — . v^ves 142-149 are ag<n *~d 



offforabout 125msec. w compartments 130.134.nd 132. 

Since the volumes of opposing pre and post conr*. 
-ual the flow equahzer 54 volumerrically balances the flow of diaiysate to and from 

- h. ^euretelv measured over a wide range of flow rates, 
can be accurately me»s«« adeouate dialysate flow 
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flow of dialysate through a loop 152 comprised of the dialysate filter 48, the supply regulator 
50 the "B'mi* chamber 44. and the "B" conductivity probe 46. The supply pump 42 dehvers 
dialysate at a maximum regulated pressure of 12.5psig and at a flow rate approximately 
SOmUmin higher than the dialysate flow rate se, by the operator using the touch screen. 

Hie dialysate filter 48 is used to occlude downstream passage of particulate 
foreign material into die flow equalizer 54. The supply regulator 50 is adjusted to an output 
pressure of approximately 16psi g . Whenever the "pre" and -post' compartments of the flow 
enualizer 54 re** the end of a fiU cycle during phases 1 or 3. pressure builds up in the loop 
15 2 As the pressure increases to about 16 psig. the supply regulator 50 opens sufficiently to 
pass the dialysate output of the supply pump 42 through the loop 152 until the next phase 1 or 

The input pressure equalizer 52 equilibrates hydraulic pressures at the inlets 155 
ofu^flowe q uauze,54so^thecompar tt nents 130. 132. 134. 136 fill at the same rate, 
likewise, die output pressure equalizer 56 equilibrates hydraulic pressures a, the outlets 156 of 
tne flow equalizer 54. The input and output pressure equalizers are discussed in greater detarl 
hereinbelow. 

The input pressure equalizer 52 also automatically equilibrates the pressure of the 
dialysate flowing through the downstream lines 158. 160 with the pressure of dialysate at the 
flowequalizer inlets 154. Whenever die pressure at the flow equalizer inlets 154 exceeds the 
pressure generated .by the dialysate pressure pump 72. the input pressure equalizer 52 restnc* 
the flow of dialysate in lines 158.160. Such equilibration of pressures allows both chambers 
126 128 in the flow equalizer 54 to be filled at identical rates. 

End-of-stroke sensors 162. 164 are provided at the oudets 156 of the output 
pressure equalizer. The end^f-stroke sensors 162. 164 verily when the flowequalizer 
cornpartments have reached the end of a fill cycle (end of stroke). When the conrpartrnents 
are full, the end-of-stroke sensors 162. 164 send a no-flow signal to the machine's 
microprocessor, indicating that the compartments are full. 

The dialysate conductive probe 60 measures the conductivity of the dialysate 
before it enters the dialyzer. The machine's microprocessor compares the measured 
c^ductiv,* with an expected conductivity value (discussed in detad hereinbelow) based upon 
concentrate formulation information entered by the operator usmg the touch screen. Ifthe 
measU red Aalysate conductivity is excessively above or below the expected conduct value, 
the machine's microprocessor activates a conductivity alarm. Also, the bypass valve 66 is 
triggered during a conductivity alarm to divert dialysate away from die dialyzer through conduit 
35 166. 

The dialysate conductivity probe 60 includes a thermistor 168 which allows 
teoperature compensation of the conductivity reading. The electronic signal fiom the 
thermistor 168 is also utilized to provide a dialysate temperature display on the maclune's 
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„ A0 jt^ludes a self-heatinff variable thermistor as well as 
The dialysate flow sensor 62 includes a sen ncauns 

. ^ference thermistor (not shown in FIGS. 1 A and IB. but discussed in detail herembelow) 

t!ZLsL 62 u, us^ mainly as a bypass monitor. Whenever the machine .s m 
The dialysate flow sensor oz is useu w» / /r fW 

L Id* m of m- - ■-— a "* ve "" 

JI .* _ *— — - — — ' *— *" *~ 

FIGS. 1A and IB). , . - 

The bypass valve 66 protects the hemodialysis patient m the event of a 

.emperature or conduct ^ hy divert dUlysate flow away 

, „ !a . thT ^wav solenoid valve which, when triggered, occludes the conduit 170 

. s.nm.e of the dulysate using a syringe for independent testing. 

A second dialysate flow sensor 70 is located in the posHhalyzer ( venous )hne 

174 . me second flow sensor ™^^£^Z^ 
discussed m detail hereinbelow. The second flow sensor 70 u, utdued for checong 

accuracy of the rnachine's ultrafiltration capability. 

,. , _ nnrm 72 is situated downstream of the dialyzer. An 

The dialysate pressure pump it » «" ,rr 



35 



a,^™^ differ «^ toW > TO1 " , ' ,bw , „, 
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passing to and from the dialyzer, the only fluid available to replace any fluid lost from the loop 
158 160 must come from the dialyzer itself. Hence, by precisely controlling the amount of 
liquid removed from the recirculation loop 158, 160 (using the UF flow meter 76), the operator 
can precisely control the amount of liquid mat must be removed from the hemodialysis patient 

via the dialyzer. . 

Since the dialyaate pumped by the dialysate pressure pump 72 has a partially 

^stricted flow, a sufficient pressure is thereby provided at the input of the UF removal 
regulator 74. The UF removal regulator 74 regulates hydraulic pressure a, the input 178 of the 

UF flow meter 76. 

The UF flowmeter 76 is comprised of. chamber 180 separated into two 
subcompartments 182. 184 via. diaphragm 186. Each subcompartment 182,184has. 
corresponding valve 188, 190. respectively, associated therewith. Either subcompartment 182. 
184 of the UF flow meter 76 can only fill when the corresponding valve 188, 190 is opened. 
Whenever, first subcompartment 182 is filling, the opposing second compartment 184 is 
emptying its contents to . drain line 192. The rate of UF removal through the UF flow meter 
76 is governed by the rate at which the corresponding valves 188. 190 are alternately opened 



and closed. 

Whenever liquid leaves the recrrculation loop 158, 160 through the UF flow ■ 
76. correspondingly less liquid is recirculated through the -circulation loop 158. 160. This 

M causes a corresponding "starvation- at the input 172 of the dialysate pressure pump 72 which 
generates a corresponding decrease in dialysate pressure in the dialyzer. The decreased 
dialysate pressure causes . volume of liquid to be removed from the patient that .s equal to the 
volume of liquid removed from the recirculation loop 158, 160 via the UF flow meter 76. 
These volumes will be equal so long as the dialyzer has an ultrafiltration capability sufficient to 

25 remove said volume from the patient at the desired rate. 

Effluent dialysate expelled from the flow equalizer 54 passes through and is 
monitored for the presence of blood by me blood-lealc detector 78. Tne blood-leak detector 
78 discussed in further detail hereinbelow. comprises a light source 194 and a photocell 196 
winch monitor, light transmitted through the effluent dialysate solution pasting therethrough. 

30 If blood lea* through the dialyzer membrane from die patient into the dialysate, the dialysate 
passing through the blood-leak detector 78 will absorb a portion of the light passnrg 
therethrough. The corresponding decrease ui the amount of tight reaching the photocell 196,,f 
the decrease is excessive, triggers a blood-leak alarm by the machine. 

Effluent dialysate from the blood-leak detector 78 is routed through conduit 84 to 

35 the heat exchanger 16, then to a drain 198. 

The rinse valve 80 allows the UF flowmeter 76 to remove rinse water from the 
xecireulation loop 158. 160 at a rate of about 4 LA. Such rinsing ensures an adequate flushing 
of the recirculation loop 158. 160 and UF flow meter 76. However, since liquid is removed 



PCT/US93/10991 

WO 94/1 1093 



^ ,» .5.. K0 « . *•* * - — — - *" — " - te " " 

* •• -j h» added back to the loop 158, 160. 
equivalent volume of liquid to be aooea oac* 
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^«tml The means by which a computer, a CKl. ana a wuui 
chanced under computer control, me mean* j 

™, rPT disnlav 503 and other components of the apparatus. 1ms 
,he touch screen 501 , CRT display 503.ana lish tte 

computer is programmed in the language 'C in a conventional manner «o accomp 
dialogue and other .unctions subsequently described. to the operator of 

FIG. 8 shows the touch screen display that is usually presenieo 
fF, G 7 Mc^ be seen, the pnmary treatment parameters are displayed. These 
46 ^ 1H\2Z*» dialysate flow rate, the dialysate conductivity, the dialysate 

^Tllt^tmticmrato. Also displayed am the ^s ^ snd v««is b4ood 

pressure, and the uttranraan indicator at the 

^ure rboth in column of mercury form and in numeric form). A linear 
pressure (ootn in w. . at the top of the screen is 

_ :./t^atp« the blood pump flow rate. A space """"r 
bottom of the screen indicates tne woou 



25 reserved for alarm and help messages. box The border serves as a 

Most of these display elements are in a bordered box. me ooruer 
Most oi mew <r _^ CTVWKiinB giann limit is violated, 

visual alarm indicator and changes color and flashes ,f a corresponding alarm 

A number of buttons are displayed on the right hand side of me display . The 
. . , tnT ^M aiann conditions after an alarm condition is 
first is a RESET button and is used to reset alarm conoi TjMITS sets the 

_ . HELpp.ides the user through a variety of help messages. SET LIMITS sets 
30 corrected. HELP guioes me • • nnK *a.re venous pressure and TMP. 

. limits for various parameters including arterial pressure, venous press*™ 
alarm limits for various parang ^ rfde of the display with additional buttons 

MENUS replaces the buttons on the right hand side ot on* 
porresnonding to additional control functions, while maintaining the displayed parameters 

corresponding w ,i, e interlocks are met 

eeree _ RINSE initiates the rinse mode, provided tne inieno»» 

35 MUTE silences most aeweo tmw ^ ™ to™ mddpte tegorf. ««c»l«i 

of*. eceeea. B-tloe. loe«ioo. «• <W— * " d "* * * 
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pump rate, the operator 7 . Awvn m piG. 9. On this 

keyboard**, pops up in. window superimposed on the dtsplay, as sho^m » 
keyboaro fa ^ sdected parameter. Once the desued 

keyboard, the user can enter the new value ^ ENTER on the calculator display 
Mtmieter Centered in this fashion, the operator presses ENltoii on 

. mMHiaf t, v which daU characterizing the 
_ ^^jj. - convenient manner oy which v— 
nrior art tails, however, to provide a convau«» 

entered into the machine. Typically, such data entry has been 
IS profile curve may be entered in to th e entered. 

« kevoad on which data for eacft oisctwc *~ 

H»~»o.*i««PI»~ d >"» ra " toa ° *" 

prognunnnng screen of FIG. «~» ultrafiltration. Tbe 

— - • - ^"ll f tr" ^ g the corresponding button. 
35 desire ,0 be progra^ts^^ ^ ^ 

In response to this touch, the screen of FIO. iu-pp- 

. fac m_, — this screen. Otherwise, the graph is 
been progranuned, it is displayed in bar graph fashion on this screen 

empty. 
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Before permitting the user to program the sodium profile, the machine first 
solicits the sodium value of the sodium concentrate being used. This data is entered on. pop- 
up keypad. If the treatment time ~ not earlier programmed, the machine also solicits this 

data by means of a pop-up keypad. 

The user then traces the desired profile curve on the touch screen, and the 

^ virtually aimuluneously displays . series of b«s corresponding to the tr«ed curve. 

Altenuttively. the user can touch the screen at dist^ pointe on the desued 
profile curve. To program a fine, increase in s^ium fiom 140,0 160 mEq/L. for example, 
^ would touch the graph at ,40 at ^ corresponding to the begrnnrng of the 

0 m t urterval. and 160 at the conesponding to the end of the treatment rnterval. 

The computer would then fit a lineariy increasing series of bars between these pom*. 

Discrete touches can also be used to program stepped profiles. If the first hour 
oftre*me»« is to be at 150 mEq/L and the second hour is to be ., 135 mEq/L. the user 
would firs, touch the screen ., 150 at the ordinate corresponding to the beginning of the first 

5 hour. At the ordinate «*res^ 

locations. IS0(* cm to * V<M ™**>>" 

corresponding to 150)..nd agmn at 135. Fin.uy.the user would much the «»en « 135* the 
ordinate conespondh.g to th. end of the second hour. The computer would men fill m the 

second hour with bars corresponding to 135. 
2Q After the desired profile curve has been entered, the ENTER button is pressed 

to set the program in the machine. 

In the preferred embodiment, the computer 'snaps' the height of each bar to one 
of. series of discrete values. In the case of sodium, these discrete values are spaced m 1 
mEq/L steps. 

25 Displayed on the screen during this programrning operation rs a numenc data 

window in which the numeric counterpart to a particular bar may be displayed. When the 
curve is first traced, the computer displays in tins window the numerical parameter 
corresponding to e*h b» » i« ia defined. After the profile has been programmed, the 

u v~ ^;<^i.v«! hv first touching a LOCK button that locks 
numeric counterpart to any bar can be displayed by tirst toucmng 

30 the curve, and then touching the bar in question. 

After me profile has been set, the user may wish to alter it in certain respects. 
One way.of course, is to simplyrepeat the above^escribed programming procedure. Another 
is m adjust the heigh, of a particular bar. Tnis can be accompHshed in one of two ways. The 
firs, is simply to much the bar to be altered. The height of the bar tracks movement of the 
user, fiZ- The second wny of .dJusUnen, is to firs, sel«t . *r to be justed by r^edly 
.uching (or pressmg and holding) . Righ, Arrow button until me desired *r is htghhgh^ 
dhe Righ, Arrow button causes highlighting to scroll through the bars, left to nght. and cycles 
«o the left-most bar after the right-most bar. The higldighting indicates the b*r th* ts 
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selected.) The numeric parameter corresponding to the selected bar is displayed in the 
numeric date window. This value can then be adjusted by Up and Down arrow keys ma, cause 
the displayed parameter to increase and decrease, respectively. In the preferred embodiment, 
*. Up and Down arrow keys cause the sodium parameter to change in steps of O.lmEq/L, 
one-tenth the resolution provided in the onguoal data entry procedure. A similar ratio holds 
mother parameters programmed in this fashion. Again, the ENTER button is pressed to 

complete die programming operation. 

As with other parameters, profiled parameters must also be Verified before they 

take effect. 

After the abovodeteiled date profiling operations are completed, date 
corresponding to the programmed profile i. stored in the computer's memory. PeriodicaUy, 
.uch as once every fifteen minutes, a timed interrupt in the system', sofrwtue progma canses 
me computer to poll this memory for the value of the programmed parameter for the next 
time interval (here fifteen minutes). The physical parameter is adjusted accordingly usmg 

conventional adjustment mechanisms. 

0„ce treatment has begun, tbe system only permits bar graph-bars corresponding 
to upcoming time mtervals to be programmed. Ban corresponding to past time intervals 
reflect treatment history and cannot be changed. To readily distinguish past from future, tbe 
bars corresponding to each are displayed in different colors. 

In all aspects of the interface, the user is guided from one touch to the next by a 
fertnre of the preferred embodiment wherein the bntton that the user is most likely to press 
next is highlighted. For example, when the machine ia in Rinse mode and is nearmg 
completion of these operations, the Self-Test button is highlighted, indicating that this is the 
next likely operation. Similarly, when the Self-Test operation isnearing common, the Pnme 
button is highlighted. By this arrangement, even novice users are easily guided through the 

machine's various phases of operations. 

In addition to the above-described user interface, communications with tbe 
dialysis machine can also be effected by an RS-232C serial data interface 530 and by a date 
card* 

Data cards (also known as memory cards or RAM cards) are known in the art, 
as represented by U.S. Patents 4.450,024,4,575,127,4,617,216,4,648,189,4,683,371,4,745,268, 
4 795 898*816,654*827.512*829.169,md 4.896.027.the disclosures of winch are 
incorporated herein by reference. In the preferred en^bodiment, . date c*d <» be used both 
to load treatment parameters into the machine and to download logged patient parameters 

35 from the machine for therapy analysis. 

Among the treatment parameters that can be provided to the machine by a data 
carf m the ultrafiltration profile, the sodium profile, the bicarbonate profile, the blood pump 
flow rate the treatment time, the desired ultrafiltration removal volume, the dialysate flow 
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heparin prescription. , hat are loszed by the machine and that can be 

Among the patient parameters that are logged oy ine 
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Admtionally.me data card can convey to the machine certain codes that, when 
^ by the machine, imtiate special operations. Tnese operations include calibration mode. 
11^^ - hlood presage — nation, modify* the papers 
transmitted over the serial port for diagnostics, and others. 

The card »ed in the preferred embodiment is commercially avaUble from Mtcro 
Oip Technologies under the trademark ENVOY and provides 32K of daU storage m 
PEPROM form. Similar cards are also available from Datakey. 

EEPROM torm. aim. J)Utatltm Uread by the machine, the stored 

When a card containing treatment paramew* » 

. . w««d each ia dispUyed on me screen and the 

P— donot immedi-ely take effect. ^J^T ff . 

^i. asked, through prompts ^^J^^^. fa the preferred 
parser is not verified, that aspect of machme openUion left 
TLmt. the parameters loaded from a memory card axe displayed m the* respecUve 
embodiment, the paramewr* soliciting verification 

p^aneter windows and each is highlighted in sequence, with the system sohatmg 
rotameter in me highlighted window. In alternative embodiments, aplurabtyof 
are be displayed for verification as a group. 

, v „;„„= is built around an IBM-AT compatible 

additional boards: a memory board 510. an 

^HhlW board 514. an ultnfiltration/proportiomng system controller 

, ■ , u B -_ enV (2 \ state machine control (i.e.,nnse. prune, 

through the CRT display and the touch screen), (2) state 

*J. ete). (3) microcontroller communications; (4) conducting of self-tests, and (5) 

functions are carried out by the AT-computer in conjunction wUh the 
calibrations. These functions are came* u j 

above-listed expansion boards. 
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, , ™ m mOM) 524 m i»Kof«.«.l«ite««i«-« to »" cs " 
HTC*-*. rf ___ ta S24-d52«.Tto»saiCI**»«t»«— * 

~" nrrt^- » —* — ^ , — - 

pressure monitor) ana is rypic 7 .. of clodc 532 is used, 

nfao* b,«Mdi nuoiimeJ »»** opmnoiis l*» 

Gaiter d* fe* Inpu^Ortpott Blood Pwnp ■* IfltrdUtration 

^ ^m. - -P« — • — — * * 

systems; 

Input data from the user interface touch screen; 
Monitor the data for violation of alarm limits and usage opening 

• * Alarm condition indicators; 

conditions, and to set the appropnate program alarm cono, 

Evaluate the data to determine the current operating state of the control 
progmm. i.e.,Sundby, Rinse, Self-Test. Prime. and Dialyze; «d 

Update the disp.ay data to the CRT portion of the user uuerface. 
The RAM memory 526 is used to store cal.brat.on and ^ ^ 
to order for the memory board to operate without confhct W th tl, host AT 

888K. The code at ^ ^fcerboard's BIOS software following power-on 

i„ the ROM being given control by the motherooara to ^ BIOS 

initUUzation. Unlike the standard BIOS extemnons, the host code does not return 

^ ZZtl^ 512pemnts computerized rem. control of a parent btood 
^monitor. Suitable mood pressure monitors mat are adapted for RS-232 con.oi « 

available from Spacelabs of HiUsboro. Oregon. 

The touch screen interface board 520 is conunercudly amiable a. pad ***** 
^^ogmpmcs and U derign- to operate with the B272-12 ton, panel 501 that is 
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used in the preferred embodiment. The function of the interface board 520 is to translate 
signals returned from the touch screen into a data format suitable for use by the 80286 
microprocessor 504. Terminate and stay resident software for driving the interface board 520 

is available from Elographics. 

The EGA display adapter card 522 is conventional and provides RGB signals to 

the CRT display 503. 

The three microcontroller subsystems (the blood pump system 518, the 
ultrafilWdon/proportioning system 5 16, and the I/O system 514) are particularly detailed in 
the following discussion. 

ffcnA piimn System 

The blood pump controller 518 is built using an Intel 8040 microcontroller and is 
.sponsible for controlling or monitoring five subsystems. They are (1) the blood pump; (2) 
the Wood pressure measurement (arterial, venous and expansion chamber); (3) heparin 
delivery; (4) level adjust; and (5) ambient temperature. The blood pump controller operates in 
conjunction with a blood pump power board (not shown) that controllably provides operating 
power to devices controlled by the blood pump controller. 

fa still more detail, the primary operation of the blood pump controller 5 18 is to 
supply power to the blood pump motor such m* me pump head wfll turn ar* pump at a rate 

selected by the operator. 

The blood pump controller system consists of the following major components: 

e^OEtjon. l£Si!!2!L 

User parameter entry Host controller 

25 Software Speed Error Control Blood Pmp Controller 

Hardware Speed Error Control BP Power Board 

Optical speed sensor On motor sluft 

Motor Power Driven Circuitry BP Power Board 

The operator enters the desired blood pump rate information on the video screen 
(CRT) touch panel. The host controller (80286 microprocessor) converts this information to 
me appropriate motor rate which it men sends to the Blood Pump controller (8040) on me 
Blood Pump Controller board. The 8040 controller converts the motor rate informal to an 
saalog level, which is fed to a motor speed control IC (LM2917-8) on me Blood Pump Power 
board. 

An optical speed sensor is mounted on the rear shaft of me Wood jjunm motor, 
with an LED being positioned on one side of the shaft, and a photo transistor on the opposite 
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ride Tne shaft has two holes drilled through i, with each hole being perpendicular to the 
^to each other. This results in four optical pulses received per shaft ^°*^° n 

Ttts tachometer signal isn.ni.red bvbo* the - 
confer T* LM2917-8 proves moick responding speed control by companng the motor 
controller, ine i*u. r of this comparison is an 

< speed w»th the desired speed informadon from the 8040. n*ur 
^ signal which provides an input to the motor power driver crout. 
enor signal wu* r modulated dnve to the 

TT* motor power driver provides a +24 V pulse wiain 

- mximatelv 30 KHz. This drive is current limit protected, to 
motor at a frequency of approximately w 

«r«v«it damage in the event of a stalled motor. 

speed commanded ny uie ou* LM2917-8 circuit 

using the motor's back EMF- 

■"*°™^'„ „^„ il ^<»» 1 o»U tJ »»^^.t™»M»»»' b ' 
does not result in as precise an inarcau"" 

20 determined, such as when the tachometer signal is lost. 

pimn* Pirr^r Meagurement 
^ (to SingltHooiD* Ml —— "^""T 

The output eacn amp . ^ calibration of e«b of the pressure 

K ^pomt it iaconverted to a "^^l of each ampler gn^tee that 
inputs is handled entirely in software, requiting that the assign 

over all component tolerances. 

Heparin Delivery 
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. - » *- — — *- ^- *r 

input to Ibe I/O C-»H- ta- eO»ndceo«oa»lte, 5.4. ■» 
fteteoee to the Blood Pomp Pow« bond. 

8 meshed This is an indication of an overpressure 

which occurs when the gear teeth are not meshed, inisia . 

_n- -^itn™ the state of these sensors and passes the 
cowiition. The Blood Pump microcontroUer motntore the state 

information to the host 80286 microprocessor. 

Iffvel Adju* 

iw« th« mentor to change the blood level in the 
The level adjust system allows the operator u. «—5 

• • . mK _ A level up and level down button exists for each dnp 

arterial and venous dnp chambers. Ateveiup-o- , |B the 

~ . a- Blood Pump Controller board 518 mom tors the 

chamber. The 8040 nncrocontroller on the Blood rump 

^ positions. When a button is pressed, . va!ve selects that dnp chamber and power. 

the motors-pump head ^^^^^^ 
7**H——+~-' The softw«e logic only ^ «e button press, 
.time. If two buttons are pressed simultaneously, both are ignored. 

^ motor drive crcuitry * located on the Blood Pump Power Board. The 

Adirectic.sign^f^Btood 

pip CcLler Board, along with a pulse width .nodulated n»tor rate B ^cc^ 
^1 half hridge motor drivers. Both ha!f bridge motor drivers rec^e the 

^ , • u:„i, of onfl and low at the other to determine me 

awhile the motor directton stgtud tshtgha. one - ^ ^ 

direction the motor runs. The half bridge dnvers prov.de a 24 V pulse wrdth mod 
voltage of approximately 30 Kite to the motor. 

Other details of the level adjusts are described hereinbelow. 
AjnbjgH Temrrrff" 1 "' Control 

"Lv* (Moatateebatetee™^"^"^" 60 ^' 1 * 
is located below the CRT on the back of the mschwe. 
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The cabinet cooling system consists of the following major components: 
De^jTOtion. LSSatiSD. 
Cabinet Fan Base of cabinet 

Blood Pump Temperature IC Blood Pump Power Board 
MiscUO Temperature IC Misc I/O Electronics Pwr Bd. 
Software Fan Control Host controller 

Cabinet Fan Drive Blood Pump Power Board 

The two LM35DZ temperature ICs are located on the Blood Pump and Misc 
I/0 Electronics power boards. This IC outputs a voltage linear with temperature m «C 
(1 00mV/-O. These temperature readings are input to the fan control software. 

The fan control software always responds to the lugher of the two temperatures. 
Typical values are as follows. At 46 "C the fen turns on in the low speed mode and at 4S <C u 
Itin the high speedup ^-^o«^^~ 
i. the fan returns to low speed at 46-C and turns otTat 44«C. In addtUon. - 60«C a cabtnet 
tempcrawre alann occurs that results m the nu.clune shutdown state. 

The fan power driver is located on the Blood Pump Power board. A motor rate 
rigMl from me Blood Pump Controller board determine, the duty cycle of . »~ 
^modulated signal. Thfa signa, fa input into . passive «ter to provma a DC ^ 
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TTFTmrtiinirir Contto1 

Th e ultrafiltranon/p^rtioning (UF/PROP) controller 516 is built usmg « 
^ ^microcontroller and fa responsible for controlling the systems associated wtth 
ultrafiltration and dfatysate preparation. This controller operates in «*- 
ultrafiltmhon/ proportion* power card (not shown) mat controllably ^ proves ^ 
power to devices controlled by the ultn,nlt«ti 0 n/ P roporuonin g controller. S« subsystems are 
ceotrolled or monitored by the UF/Proportioning controller 516. They are: 
a< Temperature Control 
b. Proportioning Control 
30 c. Flow Control 

UF Removal Control 

e. Conductivity Monitoring 

f. Temperature Monitoring 



Jemr ^ um Control 
The UF/PROP system 516 controls the dialysate temperature by enabling a zero 
voltage crowing solid state refay , which provides the power to a 1500 W heater (item » m 
FIGS 1 A and IB), with a 5 Hz pulse width modulated digital sigmd (heater^able stgnal). 
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of every 5 minutes. 

The UF/PROP system ^HH the cnocentrat*) to water phoning 
„*. by calling the dralysate flow rat, the 'A'c^trate flow rate, and the 

concentrate flow rate. respectively, in FIGS. 1A 

The 'A'and "B" concentrate pumps (.terns 22 and 40. respecu 

, ^««, ^h bv a cam/follower) diaphragm pumps whjch deliver a 
* end IB) are stepped dnven (each by a ^ ^ ^ 

Cibrated volume of concetfrate per stepper and 
by controlling the speed of the stepper motors. The concentrate pumps «• 
y 8 °r~~ . _ y ^ for their intake and output pumpmg strokes. 

fa nraner actuation of a mree-way varv© wi 

■to (tonka I""* 4 l>™l» beto "- _ 
,f the -B-ca^ li» (HOS. .A ^ .B. ■«» 1«) — » *^ 

„ ^r^(P.o^A^ 1 .,^m.^^^«7; B to 
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section of the UF/PROP controller description. 

"~ flflg Control 

Calibreuon M<* ^JT^L „ fc rftali0 „ — ii 

Ibe UF/PROP o«»oU=»ta.1«™« «»~ 

-™ mod in onto » »»re*i» ••a"*"* •*•*•**• 

^...up/prop ^«- — ^*-**- ,,, " M - ■ " — 

entered value. 

p |T wl Control 

30 dmcc ^ A UF/PROP controUer 

- <™°*™^"Zl^L UF removal nte 
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u w of UF flowmeter strokes remaining, scaled by the stroke volume, 
by subtracting the number of UF flow meter ^ ^ 

. ~ tmrM i desired UF removal volume, ine accuuuu 

from the operator-entered dear* ^ Mode and is cleared upon the 

during the Dialyze Mode. This value remains during the Rinse M 

^ ° f " t^TuF removal rate is 3.6 L/h and the video screen indicates no ^ 

in *^ UF no UF removal occurs except during spectfic 

self tests pertormea aj w n ciju (no UF volume is 

. ^ w. a« r^entor and is no greater than 0.5 un ^no ur ™» 
UFremoval rate is set by the operator ana is n » and is 

l0 Uffli ted to be^0.»«d4.00Uh. For UF removal to occur m me Dialyze Mode 

following conditions must be met: — 
, A target UF volume and a UF rate have been entered (or treatmen 

1. A target u entered and a machine-calculated UF rate is used), 
target UF volume have been entered and a macnm 

2. The blood pump is pumping. 

l5 3 The target UF volume has not been reached. 

ggjduc&iB M""' toring 
Conoucnvityiauaed as. measurement of the electro!^ compos^ of ^ 
. ..fined as the ability of a solution to i»*ss dectncal current, 

dialysatc Conductivity ts usually defined asthe 
The conductivity of dialysate will vary due to the temperature ana 

20 of the dialysate. . .. . at ^ locations (conductivity 

TheUF/PROP system measures conductivnty at two locau 
u , v circuit using altemating^urrent resistance measurements between 
probes) in the hydraultc ctrcutt usmg ^ernaung are at the 'A' 

encn of the conductivity probes' electrode pars. The ™ 

Activity probe (FIGS. lA-Ult- 3S) and the 'BWuctivity probe (FIGS. 

25 lB ' item ^ efcctrode of each of d. probes is sumula.d "'^"T^ 

, , ^ electrode). Two voltages are produced by the 

a—— - °— -rrir 

described previously. 



PCT/US93/10991 

WO 94/11093 

-22- 

— — — "*rir ^i- — . - « — • 

«* » «Jy te Mod * 

15 the dialysate temperature at three locations 

in the fluid path. Tne fust location . "~ £ 

^ r^^n-vi^ (FIGS. lAand lB,tems 
M ^areconuuned .^n^ntpensate the "A" and 

respectively). These temperatures are used to is ^ ^ to generate a 

^activity measurements. The ■B-conducttvtty temperature ts also use* 

^ nigh temperature *™ ci ^ t ^ threughout the macmr. consrst, of a 

^temperature measurement ctrcutt ^ y . m 

vo ^«»i*. C ta».twl».col»»<o)«>0» t^M. rf 

30 measurement system tMnncrature measurements is a two-pomt cahbratton 

-,n«» ha calibrated. Calibration of the temperature measure 

most be cauoraieu. calibration constant for both the 

done at 30 and 40 °C. The calibration procedure results m cahbrau 

. .«t the offset for each temperature probe/circuit. 

. m devervl second for the heater temperature). 
•A'and "B" temperatures and every l seconu 
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The temperature that is displayed on the video screen is measured at the primary 
n^^MVP* located just before the bypass valve (see FIGS. lAand IB), by 
the I/O controller. 

Inr f/ nvtt ut Control System 
5 Nine subsystems are controlled or monitored by the I/O control system 514. 

They are: 

• Air detector 

• Blood leak detector 

• Dialysate pressure monitor 

10 . Heparin pump overspeed monitor 

• Bypass system and flow sensor 

• Conductivity monitor 

• Temperature monitor 

• Line clamp 

15 • Power fail alarm 

Airpetector. 

Tbe air detector assembly utilizes a set of 2 MHz piezo crystala. One crystal 
^ tt . ultmsonic trensmitter and the second cry*d ^-""T* rf 
» ^tter and reefer « housed m sep^ but idenuc^d as^mbbes. Ita. . . * 
0 20incb between these assent .to which the venous blood Une is placed dunng duuvs.. 
0.20 mch between ^^ ye ^ „ ^ ^ a crystal oscillator located 

The emitter is driven by a 2 MHz squarewevc w» 

„ I/Q Electrical Power board 536 mat is connected to the I/O controller 514by a nbbon 
on an I/O biectnca. »he crystal assemblies, the 2 MHz signal 

cable. When there is fluid in the blood line between the crystal assemo 

vi twa return signal from the detector assembly is imphned 
25 is coupled to the detector assembly. The return signal irom 

*-.-—••»» ^ p ^rr- 

.-f— n^i rrtr-titm grimg 

i j. M » — — - '-^Trtr^ 
m - ^ - *. — — *— — -™ fc ,o -"°" w * * 

300 mL/min blood flow. 
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H-f*"""- ftlarm D< »~»i™ (Secondary AlaiHl) 
The hardware alarm is redundant to the software generated alarm. This alarm 
^ wo comparators on the I/O Electrical Power board 536. One comparator looks for a 
^um dc level from the rectified detector signal which guarantees the presence of fluid in 
the venous tubing. The second comparator isacoupled to rea* to a large air bubble m me 
tubing Sensitivityof mis detector is approximately 300 microlitres at 300mUmin blood flow. 
Both comparator outputs are wire OR'd together so that either comparator will generate an 
alarm. 

pi^vi T«* Detector 
The detector assembly consists of a high-efficiency green LED and a photocell. 
T^ese components are installed into a housing through which spent dialysate passes. Bod, of 
these components connect to the I/O Hydmulic Power board. T*e LED iscotmected to a 
vCuge^cnrrent converter on an I/O Hydraulic Power board 534 (which is also connected to 
t„e l/O controller 514byaribbon cable). The input to this circuitry comes from 
Controller board 514. The photocell is tied to the + 5 V reference supply through a T^chm 
^sto, Tnis provides a voltage divider which is monitored on the I/O Controller board. 

The current through the LED is adjustable and controlled via a D to A output 
^ the I/O Controller board. The light intensity of the LED is adjusted to illume the 
photocell to a point where its resistance is below the alarm threshold. During a blood leak, 
the presence of blood in the housing attenuates the light striking the photocell which pauses an 
^ in both the photocell resistance and voltage. The increase in voltage (monitored by 
the microcontroller on the I/O controller board) results in a blood-leak alarm. 

Further details on the blood-leak detector are provided herembelow. 

ryiysate Pressure Monitor 
The dialysate pressure is sensed by a resistive bridge pressure transducer (FIGS. 
,A and IB. item 64) located just upstream of the dialyze, The transducer is connected to a 
differential amplifier circuit on the I/O Hydraulics Power board 534 designed to provide a 
^ment from ^00 to + 500 mmHg. The differential amplifier circuit also has an offset 
input that comes from a software calibratable variable, DAC.OFFSET. The output of the 
differ drives an A/D input channel ofdrel/O Controller system, a, which pom, it ts 
converted to a 10 bit digital value. The calibration of the pressure input is handled entnely m 
the software, reouiring that the design of the amplifier guarantee that the output remams 
within the A/D input range of 0 to + 5 V over the input pressure range and over all 
component tolerances. 

fr trn ri n fiimn Ov~p~d Monitor. 
To ensure that the heparin pump does not exceed its set speed, the I/O 
controller board software monitors a clock signal from the Blood Pump Controller board that 
is equivalent to l/4«h the heparin pump step rate. In the event that , heparin pump overspeed 
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^ fc vo confer board disab.es the heparin „ via a hardware *at *~ to 
to Blood Pump Power board and notifies the host of the alarm. 

To oetenmn variable HEPTIMER) and 

quired for ten clock signals to occur is measured (and 

• tim« oeriod that is set by the host (HFJLMiwj. 

fte Blood Pump Power board. ^ t>ie host resets the rrnnimum time period, 

clock is not counted as one or toe ^ 

* Mn,^ receives clock signals at a rate faster than a 
in the highspeed bolus mode. - ttgM) eed mod. U..U* 
,5 predetermined speed, it assumes the pump is openUmg ^ ^ 

, ta» H SPD CNTR. that is set by the host. If more high-speed coun» 
speed counter. H - SPD ^™ ^ ^ lsnotified of the high-speed alarm 

at© in me counter, a ^ J^™ hardware line to «he Blood Pump Power board, 
and the heparin pump is disabled via me n» 

ByjMSlaattBlJBd Flow Sensor. 

. 4_ - «^««rv dialvsate alarm is detected by the 
ti»* Kvnass mode is initiated when a pnmary oiaiyssic aw* 
20 The bypass mooe » by me TJF/PROP 

1/0 ControUer board, when a redundant dudysate *. ^ „ 

Controller board 516. when the host quests bypass, or when the manual ypass 

PUSted ' ^ bypass v rf ve(nGS. 1A and IB, item 66) is in the bypass position when 
^ L nominal +24 V supply with a straight on/off transrfor 
25 deenergized. It is driven from the nominal +24 v supp y 

control on the I/O Hydraulics Power board. gq&an a flow sensor (FIGS. 1A 

To verify mat there is not a failure in the bypass system., flowsenso i 
To verity tnai dtwns tream of the bypass valve 

and IB. item 62) located upstream of the dialyrerand j ^ 

^flow. * flowe-sduring in the bypass 

^ a No Flow alarm is generated. (Further details on tne 

hereinbelow.) . -fe^nee thermistor 

This flow sensor consists of two thermistors. The first is a reieren 

^ flow condition. The design of the voltage d.vider guarantees that the output 
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fceA/D input n.geofOto.SV over the input ..nperature/now range and over all 
component tolerances. 

ggndBEfivjtt MAnitorine 
The dialysate conductivity probe (FIGS. 1A and IB, item 60) comprises two 
, aainlesss.ee. probes inserted into the flow path just prior U, U« didyzer. Tl. drive signal for 

tarfSM This signal U sent to the conductivity probe and a momtor orcu*. Both the 
^ . signal are recti*, and flltero, -ese dc values are routed to 

,0 Controller board ^^^ZZ^ *- — * 

On the I/O controller board, the temperature, conu 

This valu, is thsn displayed on the CRT ss Ins conductivity in nulitSiefissns F*t oeottmeter 
(mS/cm). 

Ternf— Monitoring 
..^typ^o CHOS. .A-d IB, imm 60) cbsnges «..*- J"-P~ - *J - 
displayed on the CRT nnd are nsnd to generate Ihn nnmnry alarms for panes* safety. If «» 

nil- * «- — — — — *- a - d T.nr 

point procedure *» nl 30 and «t 

l ine ClamP 

T* e line clamp opens with a soleno.d and clamps with a spnng return. When the 
Glenoid is not energized, the spring pushes the plunger away from the solenoid, ^s^s 
30 the plunger to clamp the blood tubing. When the solenoid is energ.zed. ,« pulls the plunger m 
30 the plunger "amp blood tubing. In the event 

with enough force to overcome the spnng force, inis uncuu^ 
ofanower failure, the solenoid is de-energized causing the blood line to be elamped. 
* ^ J.***-*********** ^ the ImccUtnp board tsa 
pu Ue-width moduiat* current controller. This circuit applies sufficient current to *e ^ 
35 Lmpsolenoidtopullintbeplunger. Aft. puH in. the controller ^™ *" * 
.relcapabieofholdingthelineclampopen. TlUs cut-bach m current rod^ th. 

n^pe^re of the solenoid, rosulting in a more reliable devioe. Also located on *e hue 
iemfK ^ ^ , , -^ tJi , Kp nower st0 red in the solenoid, 

clamp board, is . quick-release circuit wmch helps chsstpate the power stored 
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The result of this circuitry is a quicker and more repeatable clamp time over the life of the 

machine. . 

Control for the line clamp comes from the Miscellaneous I/O controller board 

514 via the I/O power board 536. The control signal for clamp and unclamp is optically 
co™,,* on the line clamp board. This provides electrical isolation between the high voltage 
used to operate the line clamp and the low voltage used for the control signals from the 
microprocessor. 

VnutP* Fail Alarm 

The power-fail alarm circuitry is located on the Misc I/O Electrical Power board 
536 and includes a CMOS power state fl.p flop powered by a 1 Farad (F) capacitor. The ftp 
flop', which can be toggled by either the front panel power button or the 80286 system 
controller, provides the following functions: 



30 



35 



Whenever power is not supplied to the machine (i.e.. when the +5 V 
suppiy is off) and the flip flop is in the on state, power is supplied from 
me 1 F capacitor to the audio alarm device. Whenever power is supplied 
to m e machine, the flip flop's output state is ready by the 80286. which 
provides indication of the intended machine power state. Also, when the 
Hip flop is in the on state, power is supplied to the front panel power 
2Q switch LED- 

The first function listed above results in me power faU alann. The alarm 
occurs either if the machine loses power while it is running, or if the 
front panel power button is pressed "on" when there is no power supplied 
tothemachine. The alarm can be silenced by toggling the flip flop off 
via pressing "off the front panel power button. 
Reference is made herein to seven appendices (A - G) which form part of the 
specification hereof and which further detail certam aspects of the preferred emboAment. 

F YP fl M Valve Sensor 
The dialysis machine of the present invention includes a bypass valve flow sensor 
^ * utUized to confirm that dialysate flow to the dialyzer is completely interrupted dunng 
bypass Tbe bypass valve flow sensor compnses a first themnstor 202 and a second thenmstor 
204^1" shown schematically in FIG. 2. FIG. 2 also shows in simplified schematic form theflow 
em.aluer 54. the bypass valve 166. and a dialyzer 208. The first and second thenmstors 202. 
204 are of a negative-texnperature^oeffic.en. (NTC) type known in the art. Thefirst.or 
.^.-thermistor 202 is energired with a 20 mA constant current while the second, or 
■reference.* thermistor 204 is driven with a negligibly small current. 
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H. dectncal resistance of both thermistors 202, 204 is measured using electronic 
circuitry (not shown). The resistance R(T) of each thermistor 202.204 at a given temperature 
T is defcnnined !>y U* fo»owi»! rrfatioosliip: 

Dowvs, ill* no-flow »mf««o«» o> 

* srtbstantially greater than the temperature of the reference ^ 204^ 
cations when dialysate is flowing pas, the thermistors 202.204.the temper^ * the 
reference thermistor 204 will, again, he equal to me tempemture of the dWy-to. The 

. fK _ icfor 202 while greater than that of the reference thermistor 
20 temperature of the sensmg thenmstor 20Z,wtuiegre*er 

rwZ somewhat .ower than the texture would otherw.se be dnnng no-flow 

. n^^oast the sensing thermistor 202 willconducta 
conditions. This is because dialysate flowing past the sensmg menu* 

p^on of the self-hearing energy away from the thermistor 202.«hereby lowermg the 

Xerature of the thermistor 202. The bypass flow sensor can detect flow as low as about 

Since the sensing thermistor 202 is driven with a constant^ source, the 
ofpower mp«« into the thermistor 202 U Umited aceordmg to the relation^p P = 
ftt as . result, the ultimate selling tempemtere achieve by me sensing therm*** 
202 wiflself-limit. thereby protecting the sensing thermistor 202 from a damagmg thermal 

.cross them mdividually under conditions of no dialysate flow at both 30 and 4Q°C. A 

relationship is utilized during calibration which estates the re~te.ee of the 
^ fcermistor 202 tmd the resistance of the reference thermistor 204 at any temperature 
« between 30 and 40 X. If Rh(t) represents the sensmg thermistor resistance at 

flow.Rh(t) = AWO + B. where A and B are calibration constants determined by the 
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^ a™ <■*» w. »««»• «** 

calibration): 

Rh(30) = A RK30) +B 
5 Rh(40) - ARK40) +B 

Hence, if the thenar resists are equal, then the elec*onic cu^r (not 
shown) coupled to the thenars 202,204 recognizes such equal resistance as indic^ng a no 
shown) coupled to . resistances of the first and second thermistors 202, 

dialysate flow" condition. However, tf the resistances 

7 . .,„i„ M , A floo, (mater than about 3 mivrrnn) is 

in 204are not equal, which occurs when any dialysate flow (greater 
10 204 are not equa.. . ,r» 204 the electronic circuitry recognizes a 

passing by the first and second thermistors 202, 204, the eiec 

^ 5 ' _ . „ lkj «_,«. t K B machine is m bypass, if the electronic 

-dialysate flow-condition. Therefore, whenever the macnm ^^^^ 

.u. » and second thermistors 202,204 is unequal, 
««ritiv senses that the resistances across the first and secono merauo 
I^HIthe — wHltngge, an alarm condition to notify the opere*, of Mure of 

whether ornot me by^^ 

- .the « — " - ^ - bypass 

M valve sensors known in the relevant art merely test whe^i aettnniB es 
. L u _„ One example of such a mechanism is a sensor inai 

valve has been energized, une bwuuf ; _ ^^,c- to aoolicalion 

whether or not . solenoid controlling the valve has shifted position « response to -ppucali 
whether or not a sown the bvoass valve flow sensor verifies 

of current thereto. In the present invention, in contrast, the bypass vai 

that the bypass valve 66 has actually seated properly. 

T TnT H t nifi1iTrti " n - P" ri "' , - Bvnwss s * psor 
rm «*~ — — — » « - »«■ nos - 1 - 

that would oroinan y ^ q{ ^sat* passing 

volume of dialysate exiting the dialyzer 208. uurm* 
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compartment (not shown) .hereof or from the blood coinparonen, thereof into the dia.ysa«e 
compartment thereof. If such flow is detected, the machine tnggers an opener alarm. 

^amajjc T^ng nf iflaafilBaygn Functlon 

This feature is utilized during automatic testing of machine functions mat occurs 
before the .nacnine is used for patient treatment. Tnis automatic test is controlled by the 

microprocessor along with other self-test routines. One example of when 
^^tion-function testmg is automatical^ engaged iswtenthe nuchine . m nn» and 
producing dialysate without any prying dialysate aiarms - - ^ 
conductivity. A complete self-test routine begin, when the opemtor touches the 

w_ 1^™* a dialysis treatment. In order to test the ultrafiltration 
on the touch screen before beginning a dialysis rream-au 

^ *. a*. w. » <«■ ■ - » - * "~t^rirr« 

uJwa-t aa*iiiaaa^i^aa.wa— 

2 «».,>«« 200«>»0»»H«. Kft^"-^^^ 1 ^" 

knnd praam willia"" «**°I»"T «»«"»• '» _«u..4.m 

trigger an operator alarm. 

^uni r** sattin f -f rrr^™'™ Mode 

pr .^i iip^ reaction of Concentrate Lings 
As described hereinabove, the concentrate rinse fittings, e.g.. the "A'and V 
rinse fittings 28, 30, respectively (FIGS. lAand IB), are equipped with pnntimity — *** 
Z wheLr « not the corresponding concentrate lines 94, 104. respectively, - connected 
^ such information regarding whether or not a concentrate line is coupled to a 
conesponding rinse fitting is utilized by the machine's nucroprocessor to set the correct 
proportioning mode, e.g-.acetate or b.carbonate dialysis. 

For example, during the n«mine's •-udyze-mode. ,f themachme. 
microprocessor receives a sign, mdic*ng that the ™e Hue 104U~upl* • * 
Mrrinsefittmg30.theinachine willopomte omy me 'A' concentrate pump 22. If the 
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line 104isnot coupled to the "B" rinse fitting 30.«he machine will operate both the 
•A'and W B" concentrate pumps 22, 40, respectively. 

Srt c^do*, of*. -A--d "B'eooceatntt line. 94, 104 also dictate the 

propcrttotnrtg «*>.* -A'—. »«* «*» *»*•«■ VOtaDW * iC 

~ to. ^e *- «» - ' A T r» 

response to whether or not the "B'oooceatiete line 104 ie coupled to the ^" <ul1 * ^^^^ 
^ Tr.pr^r,^»^-™S.3A^3B. n 0.3A«t-»»««o 

Z— . 0. to. -no* m^ofe-h Hn. 

to.to ! Wdc^2«r..U ! ht^4»*(LED ) a8 
Af ~™of. W h^too»«^.«^^ 

», — — — »- — » - - -ft, 

!!L.Ur.^P~W.-^^^ rfta '^' fc ^~ 0 ' U,te 

I^L-- to « i , t ™pWtorh.-A-,h»fl»». M . 

» r^BrTA-oc^ 1 h-«^--e«^-^»*»» W - 
coupled to. e.g..a supply of ^'concentrate. 

Pr^-frm aLBiate CandB^ati 

Ue software controlling the operation of the machine's nncroprocessor includes 
g for predicting correct dWysate conductivity. Such predictions — 

electrolytic proffle^ ^ ^ ^ nurlceted. These include: (1) 

bicarbonate concentrates n^uf-ctured ^^^^^^^^ 
35 bicarbonate dialysis and intended to be diluted at a rrfo of 1 part ' A "™ » 

Pirate par* dialysate); (2) bicarb «~eu*atea n^nfactur* by Drake 
Willo* (utilise for variable srfium dialysis only and intended to be dilut* at. ra^of 
part ^'concentrate to 1.83 parts *B" concentrate to Mparts dulysate); and <3) acetate 
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in the •calibration" mode. 

The software utilizes . differ algorithm for each group of concentrates and for 

" acetate or bicarbonate disusing concent within any single group, to c^cuUto a 

baseline 'calculated" conductivity v*ue. Each algorithm requires that cerhun data be entered 
basehne calcui-eo For e«mple, for bicarbonate dhdysis,the tr-chine will 

bv the operator using the touch screen, ror 

bytneopenuo 6 ^ OT down relative to a standard, or 

•ask'the operator to enter basehne (i.e.,noc aujusu» ^ 

• values for sodium and bicarbonate ion concentrations. 

10 non-variable, proportioning ratio) values for «*h ^determine a "calculi" 

proper proportioning of the concentrates, the machine willdeternun 
dialysate conductivity. Before beginning a dialysis treatment . when the machine is 
^Lng concentrate and producing dUlys* .the proper temperature. me touch scteen 

me vnlue st^d to he correct by the concents * t 
If the operator responds that the displayed conductivity value is correct, the income wiu 

ZT. from I Lplayed value, the machine will reg*d mo dispUyed h^e 

H calculate the ratio of me displayed beseline over the calcuUUed baseh^ vah. 

wul also catcuuue . calcalated value during the dialysis treatment by 

and will multiply any subsequently determined calculate* 8 

2 „*> to obtain new -expected" conductivity vdues. For example, for variable sodium 

^ ratio to obtain r~ , 0 ^ ^vered to a patient over 

dialysis, the operator will program the vanaoie souium y 

,. , • whenever the machine changes the sodium 

25 the course of the upcoming dialysis treatment. Whenever me macmn 

^.ration during die course of treatment as programmed by the operator, which 
concentration cunn B redetermine a "calculated" 

accordingly changes the dialysate conducUvity. the machine will redetermine 

... j..^,in« n new "exoeded" conductivity value. These 
conductivity value and apply said ratio to determine a new expect 

. . v.. ,i,. -.china to calculate and set upper and tower 
expected conductivity values are used by the machine to calculate «~ 

• , r™, 8 at + 5% of the initial or adjusted "expected" conductivity value. 
30 conductivity alarm hmite at i 3 » or uk uuu«. 

For Cobe brand bicarbonate concentrates, the calculated baseline dialysate 
conductivity is determined by the following algorithm: 

calculated conductivity in mS/cm = [-036 + ™ xl f 
35 ([Na + ] - 130)][HCO 3 1 + 114.37 + .101([Na ) - 130)1 

where the operator enters the baseline concentrations of sodium and mcerbonate using the 
touch screen. 
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For Drake Willock brand bicarbonate concentrates, the calculated baseline 
cavity of bicarbonate dialysate is determined by the following algorithm: 

calculated conductivity in mS/cm = .1038[Na+] - .54 

5 where the operator enters the baseline concentration of sodium using the touch screen. 
^ the operator ^^trates the calculated baseline conductivity of 

For all brands of acetate concentrates, tne 

Ketale dialysate is determined by the following algorithm: 
10 caicutated conductivity in mS/cm = .0895[N« + ] + 1.41 

where me opemtor eaters the baseline concentmtion of sodium using the touch seme. 

Tor bicarbonate dia.ysis.the machine will also automatically sel alarm Umtts 
.^theconductivity-asured at the ^conductivity probe 38 



^ to the conductivity at the dialysate conductivi ty probe 60. so M I of ^mlnmte 
Zo the conductivity at the -A" conductivity p«*e ^ 
Zl *» machine -assumes- that the "Vconcentrate ts being ptoportioned proper* (at the 
T'Z^ based upon the orator bsvfcg 

For Cobe brand bicarbonate concentrates, the calculate 
the ^'conductivity probe isdetennined by the following algorithm: 

30 « 

calculated conductivity in mS/cm - t*"° + 9 £ xl JL, 
- 130)]lHCO 3 l + [15.04+ .105(TNa + ] - 130)] 

where the operator eaters the baseline sodium and bicarbonate concentrations usmg the touch 

35 SCreCn ' For Drake Willock brand bicarbonate concentrates, the calculated baseline 

. ... *^ri«itv mobe is determined by the following algorithm: 
conductivity at the "A'conductmty prooe ts oewnum , 

calculated conductivity in mS/cm - .U14[Na + ) - 5.90 
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,. K.-.H-e sodium concentration using the touch screen, 
where the operator enters the baseline sooium 

rpnnrllirr ElggJasaliza Fnri-of-stroke Time. 

As discussed hereinabove, the flow equalizer 54 (FIGS. 1A and IB) operates via 
. four-phase cycle. In the first and third phases, "pre" counts 130. 132»d 

^TvaNes 142-149 controlling lionid ingress «d egress frorn the pre and ^ 
ZL are aH in the off position for about 125 n**. During these bnef second and fourth 
phases, therefore, no dialysate ia flowingto the dudy«r. 

Preferably, - die beginning of the aecond and fourth phases, the A^hragms 18. 
7 , , _ „w ^frrahlv the diaphragms 138, 140 will 

10 140 will have already reached end of stroke. Further preferably, the aapnragms 

have reached end of stroke at the same instant , 

Endofstrdceisd^nxnnentwten.^ 
^ed a complete* ful» condition during a pha« after starting from a completely empty 

T rf H 0 fthenhase In accordance with the above, it is preferable, for example, 
condition at the start of the ©base, in 

Since valves 143, 144. 146. and 149 all turn on at the same msam 
14 5 147. and 148 tum off. and yjp^ and since e*h pair of cc*npartn«ts 130 l* and 

132.136htrveex.cay However, assuming that each chamber 

and 134. 132) reach end of stroke at the same in*™ 

!L ^ i— «*— — ' - - " 

outlets 156 be matched. 

torn He J»ly=r to i •posTcmnpiiimil oflbe now«l««B» 
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part of a loop including the dialysate pressure pump 72. This hydraulic configuration has been 
*», to maintain identical pressures and therefore identical flow rates a. the inlets 154 of the 
flow equalizer 54. 

With respect to the output pressure equalizer 56, when the pressure « equal in 
both cavities 258, m the flow rate* through each is identical. When the pressure, say. in the 
first cavity 258 exceeds that in the second cavity 260. the flow-restricting element 268 impedes 
flowinto fine 150. thereby increasing the pressure in the second cevity 260. This hydnuuic 
^figu^on k. been found to maintain identical pressures and therefore identical flow rates 
at the outlets 156 of the flow equalizer 54. 

TWore. since pressures and flow rates are identical as described above, both 
diaphragms 138, 140 (FIGS. 1A and IB) come to end of stroke at the same time. 

Tfie tin* required to attain end of stroke c*n also be controlled. The dulysate 
flow nm » set by the openttor using the touch «reen. This flow «* de te nmn^ the shift 
of the valves 142-149. The higher the dialysate flow rate, the more frequently the 
v*v« 142-149** However, a machine malfunction or occlusion of a hydraulic fine could 
cause an excessive end-of-stroke time for one or both diaphragms 138, 140. 

As discussed hereinabove, flow sensors 162, 164 (FIGS. lAand IB) are provided 
* the outlets 156 of the flow equalizer 54 for verifying when the di^hragms 138.140h«ve 

end of stroke. When a diaphragm 138 or 140 has reached end of stroke, the 
conesponding flow sensor 162 or 164, respectively, sends a no-flow signal to the 
nucroprocessor. The flow sensors 162. 164 are each comprised of a reference and sensmg 
thermistor (not shown) and work in a manner simUar to the byp** valve flow sensor 62 and 

sensor 70 discussed hereinabove. 

If the valves 142-149 receive a signal from the microprocessor to shift before the 
flow sensors 162. 164 have detected end of stroke, the valves are prevented by the 
microprocessor from shifting until the end^troke signal(s) are received by the 
microprocessor. In the event of an excessively.cn, end^f-stroke time, the 
Aggers an inc«*se in the pumpmg rate of the supply ^ 42 to speed up the tune to end of 

Controlling the end-of-stroke time not only mcreases the UF removal accuracy of 
the machine but also keeps dialysate flowing through the dialyzer as much as possible to 
^tain the desired osmotic gradient therein, and ensures accurate proportioning and mixmg 
of concentrates with water to form dialysate. 

Mfida Tnitiate Ersm Power-oft 

The microprocessor programming as described herein can be conventionally 
demented to accomplish a timed mode initiation from a power.ff condition. As is known 
in tlie art. machine disinfection, rinsing, an^ "coming up" on concentrate and tempemture to 
produce dialysate in a condition to begin treatment are burdensome tasks that typically must 
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be performed before the start of a treatment day. In large clinics having multiple dialysis 
^.chines, performing these tasks manually can require a substantial expenditure of time and 

other personnel resources. 

The electronics of the machine are continuously powered, even when the machme 
is -off -unless the mains switch has been turned off or unless the machine's power cord is 
fugged. As a result, the programming is readily adapted to include use of the key pad 
^ on .he touch screen by the operator to enter the des.red time at which certam 
^gnated machine functions are automatically initiated. Tltese (unctions include disinfect™ 
(such as heatKleaning), rinsing, and beginning the producuon of dialysa* at the desired 
temperature and ionic strength for dialysis treatment. 

frCT" t i ft n Machine Parameters . 

ruinr logfjgssEfiff 

He hemodialysis machine of the present invention is provided with a battery 
back-up which preserves certam operational parameters previously entered by the operator in 
the event of a temporary power interruption (less than about 20 minutes). Upon restoraUon of 

power, the machine is in the stand-by mode. 

All of the following parameters are saved in static RAM every 30 seconds or 
upon any major change in machine state. Upon restoration of power after less than 2t) 
Tutes after the Ust "time sUtnp" (time at wh.cn panuneters were saved) by the machme. the 
following parameters are restored: 



Temperature correction 
Accumulated UF volume removed 
Desired UF removal volume 
25 UF removal rate 

^ UF override flag 

Current machine state 
Previous machine state 
Self-test pass/rail flag 
30 Time .stamp 

Prescribed dialysis time 
Elapsed treatment time 
Prescribed or elapsed treatment time 

display flag 
Manual or calculated UF rate display flag 
Heparin pump rate 
Accumulated blood 
Accumulated heparin 
Alarm window limits for conductivity, 
temperature, prescribed treatment time, 
heparin, etc. 

Profile settings for variable sodium and 
bicarbonate 

45 
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W*. Blood-line sets eto iv.il.Me (tan » munber of nannfecww* in 

a »H^ i ,^»«-e^^l^'»^^-^" W ^ 
A portico of the exwcotportd Wood-line eee« including dnp cjuirtertt B 

uet™^ Cip.»d «. libo. M 

, Tta L^l.^'««»« i »»•» , « u " ,i ° iD^< *" M, 

IL.^opp^d-^— ofd.dnpo^^.p.0^ 

„^«»^b,t».»«to.. „, ,4^4. 

Drincnembete mml be pttmded »rtt o tneetu lonniiiraw 

^~™, ^^—.orito.dripobntnbot. Sodtentemidopontioohe. 
-Hj^^ctwplodtollieemieepoiidtngtmpiin-noo 

JIT „ «. . -"Pi- «*• ' — "* F «°*" K P ™" 

B ^'"^^^p^^o^ddeptob^byp^.^ 

«*— tad* in TO. 5, - dub* *H- -"-a* tpo*> 

„ »• -^0^280-. ^v^»^»-^^«^»V^ 

lw .ji. b ««*d-.»»»-p«"»^^ 

• - 191 294 such as ■ pressure transducer, wmcn 

288, 290 is a pressure-measuring device 292, such y 

35 commun 1 ct t s with the microprocessor (not shown). 

0„ the front of the machine are arterial and venous "up buttons 296.298. 
^vdy. and arterial and venous 'Wbuttons 300, 302. restively, which control 
ZZ of the corresponding valves 280. 282 and the peristaltic pun* 272. For example. 



WO 94/11093 



-38- 



PCT/US93/10991 



272 so as to tower u» venous dnp 

Wbuttons 298. 302 operate in the same way to control the blood level 

286. 

jackals Fi^vdnTitrTtir-rt nialvzer 
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Withn" 'rT°^i"f Dialysate Flow Rate. 

Most hemoduly^a curtly in use are hollow-fiber type, which gently have a 

^ ^ pandlel-plate or coU dklyzers used previously. Hollow-fiber 
.now compact shape than para, -p ^ 

dWvzers as known in the art typically compnse a bundle offme hoUow fib^. 

u .notorial encased inan outer cylindrical shell. The shell 

me dialysate prepared by a dialysis machine. The pariem 

ten., dUyon fto»vdociiy«»»««'" to tolyM. «o»pim*" 

As estodiment o, to to**."-*- », to pc~« 

theprfent. FIG. 6 also shows the "arterial" dialysate line 206 and venous dudysate 
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. i * -m such as an electrically driven 
i a im A dialysate recirculation pump 3U»sucu « 

. • f ^Ivsate through the dialysate compartment can be increased without 
^ T^t^ysateflow. Hence, it is possible with this feature to 
mattng a corresponds increase in dialysate ^^sunrption of expensive 

improve clearance, with . particular dialyzer without increasing the consurnpa 

10 dialysate concentrates. 



15 



monitor dialysate flowing from tne aiaiyaa r 
monitor aiaiy compartment of the dialyzer. 

to the blood compartment into the dulysate of deUvermg only a fixed «te 

Most dialysis machines currently m use are capable of deu 8 7 

. -n. M^wUeak detectors on those machines operate 
ofoial^eflow.usuai.ySOOmUmm. The *^^L*d during the cours. of 
with, detection sensitivity that U set at a fixed level and not clanged 



^.detection — At a dialysate flow rate of 500 niLVmin, many 
treating a patient or even a senes of detect blood having a 25 % hematocrit flowing - 
conventional blood-leak detectors are set to detect blood navmg 

20 0.35mUmin into the dialysate. ^ of delivering dialysate at 

The dialysis machine of the present invention is cap™ 

. froTsOOto lOOOmL/min. adjustable in ICOmL/min mcrements. At 

flowra** W fl ra l fixed lea, rate of blood from die patient will be diluted a 
various dialysate flow rates, a fixed leak rate sensitivity 
, « . -mount bv the dialysate. Therefore, a blood-leak detector navmg 
different amount ny me o», oat soomL/min may not be 

25 level enabling ,t to detect a small blood leak m dialysate flowing « 500 mL/ 
25 level enaonng flowing at lOOOmUmm. 

able to detect the same blood leak m d, y ^ & 

The dialysis machine of the present invenuon r 

. J" LED 194 and a photosensor 196 (FIGS. 1 A and IB). (A green 
*"* r^glrbance of green Bghtby red blood, yielding a greater 

b ^XltT P^l - — of blood.) Thn blood- 

^ *trr 12^ **- — between me 500. 

a given leak rate of wooa mw j winod-leak detector 

• • • formed bvthe microprocessor in response to the operator S 
sens.t.vityisperform^by theo^ detector sensitivity by altering 

35 dialysate flow rate. The microprocessor adjusts 
the iUuminatioo level of the LED 194. 
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^i,win« Schednlrr ™d Pata logger. 

Warning M~«f™ Logger 

Tb. dialysis machine of the present invention has a technician-.ctiv.Uble 

- . to permit entry of calibration data, dates on which 

"calibration' mode and is programmed to permit ™ 7 

rations or adjustments are performed, and dates on which a parUcular dralysrs 
5 certam cahbraUons or adju^n J*™ ^ e rnaclnne also 

«mt^r mav desire to have certain calibrations or aqjusunwi 

— — - - — * * • • 

.jltoUc, sd nkM !W»moo for to opoalot » m« 
" . „,. „H -^onT beito" wfcmin to tompotaioi «P"««« 

" • aep - "TTTJir * a. f — * — 

dialvsate conductivity resulted therefrom. A list or wanuug 

Hd.*!.^— — — — — — 

mech anical malftmctions, are denoted with an asterisk. 

30 BLOOD PUMP SYSTEM 

"illegal qlen in BP_XMIT" 

"Blood Pump Low Speed" 

"BP Control Shutdown" 

"BP Command Error" 
35 "Blood Pump Overspeed Alarm" 

"BldPmp Overspeed Alarm" 

"Illegal index in bp_xmit0* 

"Illegal index in bpJnputO* 

-long timer error" 
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(for three 
pump system) 



UF/PROP SYSTEM 

Too much time between EOS signals" 

•Early EOS detection" 

•UF SHUTDOWN* 
5 "TJF Command Error" 

•UF Time scheduled Event Error" 

•Unidentified Error in MISCERRFLG" 

•A Pump Noise* 

•A Pump Missed Steps" 
10 "B Pump Noise" 

»B Pump Missed Steps" 

"CPump Noise" 

"C Pump Missed Steps" 
15 * A temperature probe error" 
»B temperature probe error" 

10 SYSTEM 

"illegal qlen in IOJCMIT" 
20 "IOJCMIT: bad stat chnge %d, %d" 
•Illegal io_xmit0 index" 
"Illegal index in io_input0" 
•Illegal index in ioport_xmit0" 

25 IOPORT SYSTEM 0 

"No 8255. . .port terminated" 

"Setjwrstate: hwjrer-1" 

"SetjwTstate: hw_ver«2" ^ ^ 

•Setjpower_state: Can't power on" ^ 
30 "Set jxweTstate: Can't power off* * 

"Converse: illegal return from uccomO" 

•Switch failure in reset jKWtO function" 

•Command buffer fall in addjandO' 

"Unrecognizable command in make_cmd0" 
35 -Illegal number of data bytes in make^cmdO* 

•Illegal number of data bytes in make^cmdO" 

tJF Profiling 

THe UF profiling feature according to the present invention provides the operator 
40 with a method for programming a UF profile that can vary over time during a dialysis 

treatment to achieve a target UF removal volume. This feature is similar to variable sodium 
and variable bicarbonate features discussed hereinabove. 

Specifications of the UF Profiling feature are set forth in Appendix A. 

A detailed description of the user interface pertaining to the UF profiling feature 

45 is set forth in Appendix B. 

Having described and illustrated the principles of our invention with reference to 
a preferred embodiment, it will be apparent that the invention can be modified in arrangement 
and detail without departing from such principles. Accordingly, we claim as our invention all 
such embodiments as may come within the scope and spirit of the Mowing claims and 

50 equivalents thereto. 



PCT/US93/10991 

WO 94/11093 

-42- 



UF PROFILING SPECIFICATION 



APPENDIX A 
APPUCATION OF GROG AN ET AL. 



WO 94/1 1093 



■43- 



PCT/US93/10991 



Screen Operation: 



When the Target UF meter is touched from the Prime or Dialyze screens, a new set of buttons 
will appear on the right side of the display, referred to as the UF screen. The buttons will be 
UWed MAIN SCREEN. TARGET UF, BLANK, UF DATA REPORT, PROFILE UF, BLANK 
(RESTART PROFILE), and BLANK (Verify). The function, for e«* button will bo as follows; 



UF Screen 



. . Returns to main Dialyze or Prime screen. 

10 MAIN SCREEN * TTC t 

TARGET UF - Brings up the calculator for Target UF entry. 

DATA REPORT * Brmgs up a data report with IJF parameters. 
PROFILE UF Brings up the profiling graph and buttons. 



15 



RESTART PROFILE - Brings up ft. profiling graph and button, with the 

previous profile after a treatment change. 



Note: 



The Target UF window is accessible only in Prime or Dialyze modes. 



When the PROFILE UF button w touched, anew set of buttons will appear on the screen, 
20 referred to as the UF Profile Screen, and the profiling graph will overlay Ore main screen. The 
buttons will be labeled LAST SCREEN, GRAPH UNLOCK/VERIFY (dual function), UF 
ONLY/VERIFY, SET CALC PROFILE, SET AVERAGE PROFILE, TEMPLATE PROFILES, 
and BLANK (Verify). 

has been aborted by one of the following events; Target UF changed, Treatment time changed, 
W^*^*^,*™****^^***"*- When touched, the UF 
Profile screen will appear, as what the PROFILE UF button is touched. In addition, the graph 
will be initialized to the previous verified profile. 

30 

The functions of the UF Profiling Screen buttons will be as follows; 

UF Profiling Screen: 

35 LAST SCREEN - Returns to UF screen. 

GRAPH UNLOCK - Unlocks profiling graph. 

GRAPH VERIFY - Lock graph if profile meets target UF, otherwise 

brings up Profile Adjust i 
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SET CALC PROFILE - S<^ . constat UF profile at . rate which wUl reach 

target UF (must be unlocked). 

UF ONLY * Enables the graph for UF Only profiling (must be 

unlocked). 

5 UF ONLY VERIFY - Locks the profiled UF Only segments. 

SET AVERAGE PROFILE - Averages entire treatment profile with a straight fine 

between the first uncompleted time segment and the 
Ust time segment of the treatment (must be unlocked). 

TEMPLATE PROFILES - Brings up the template profile « 



Tto.mnimum initial entry prior u>W j™Sto*^*tb>t K ^i^«*m*lJF. 1*« 
will be entered via the calculator. 



If the prescribed treatment time is not set prior to gn^ or*r^, «he «ne««ge TIME NOT SET 
wmtedisplayedmthelc^lefthar^ccm^ofthegn^h. If the time is set and the target UF 
volume is not set, the message TARGET UF NOT SET will be displayed. 



The graph will have a vertical axis sated for 0 to 4.0 Uters/bour with 0.1 L/h , 
indicating UF removal rate. The horizontal axis indicates treatment time and will be scaled for 0 
to 6.0 hours, in 15 minute intervals. 



A highlighted bar on the Y-axis will indicate the UF rate limits. A similar highlighted bar on the 
X-axis will indicate the prescribed treatment time. 

A graph mode indicator will display the alternate function of the GRAPH LOCK/VERIFY button. 
Kwffl r* located* foe lowe^ X,wbereXis 
LOCK or UN-LOCK. 

Arrows at the top and bottom of the graph will indicate the current active touch zones within the 
g»pb. Above the top arrow will be a nU mber indicating the current UF rate for that time 



Each time segment will have a marker which graphically indicates the removal rate for that 
segment. While the graph is unlocked, touching a location on the grarfo between foe .naximum 
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and minimum UF rates will cause the marker for that segment to move to the location of the 
touch. While the graph is in the locked state, a continuous line will join the segment markers and 
the markers will not move. 

5 The profiling segment size is selected in calibration to 15, 30 or 60 minute intervals. For 

segment sizes other than 15 minutes, the individual markers and touchzones for each 15 minute 
time interval will operate collectively. 

The selectable segment size will be added to the Sodium and Bicarbonate profiling options for 
10 overall machine consistency. 

Three UF volume indicators will be displayed at the top of the graph: 
TARGET: This will indicate the entered target value. 

15 

PROF ILED : This will indicate the calculated volume represented by the profile at any 
time, updated each time a segment is altered. It will be used for comparison to the 
target volume while entering the profile, and when the GRAPH VERIFY button is 
touched. 

20 

REMOVED: Tnis will show the actual calculated UF volume removed during the 
treatment, up to the current time. 

When the prescribed time and target UF have been set, the profiling graph will initially be set to 
25 a constant rate which will meet target UF over the prescribed time. This will appear as a straight 
horizontal line. It is intended to be a guideline, to assist the operator in selecting a profile that 
will meet the target UF volume. 

At this time the operator has three options to select a UF profile. The first two options involve 
30 mamiaUya^iis^ The third Option is to recall a predetermined profile template, 

which is described in the next section. 

To manually select a profile the operator can touch GRAPH UNLOCK, which will remove the 
line from the graph and enable user profiling. The operator has two options at this point, to 
35 profile UF rate for each time segment manually, or to set the starting and/or ending points of an 
average rate. 
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Averse Method: The us« can choose an averaged straight line profile by touching , graph 
loc *ion within the first and/or last time segments. Then by touching the SET AVERAGE 
PROFILE button, the remaining segment makers will be positioned in approximately in a stratght 
line between the storting and ending maikers. 

Manual Method: By touchfog the graph at ™ ^ 

lin^U the user can "dr^' a proffle for the entire treatment. As the profile is drawn, the 
PROFILE vdue at *e top of the graph will update continuously. This w* assist the openUor rn 
; « profile that will come close to reaching the target UP. 



Once a profile has been selected through one of these „^ the o,^ wffl much GRAPH 
VERIFY At this time the total profiled volume, or PROFILE value, will be compared to the 
^ tJF volume. If a difference exists, a new set of buttons will appear on the screen. Then- 
labels will read LAST SCREEN, BLANK, ADJUST PROFILE, ADJUST TARGET, BLANK, 
15 BLANK, BLANK (VERIFY). This will be referred to as the UF profile verify screen. 

Adjust UP Profile Screen 

ADJUST TARGET - Brings up the verify button. If touched, the target UF value is changed to 
20 the PROFILE value, and 0* display goes back to UF profiling screen with graph locked. 

ADJUST PROFILE - Automatically shifts graph up or down to meet target UF, using die 
foUowingndes^d brings up d. verify bum^n. If the verify button is touched, the display will 
go to UF jmjfilmg screen with graph locked. 



All segments of the profile will be adjusted equally, with the following exception: Any 
segment set to minimum UF or maximum UF rate will be "anchored." Those segments 
will not be changed to meet the target UF volume. 

If the adjustment censes any segment/*) to violate the minimum or maximum rates, those 
segments will be set to the niinimum or maximum, and the remaining segments will be 
equally adjusted by the excess volume using Rule 1 meet target UF. 

3. Values will be rounded to one decimal places for graphical representation. However the 
35 actual UF rate is executed and displayed in 0.01 L/hr resolution. 

4 If the target UF cannot be met following these rules, an error condition will be indicated, 
.nd .he button will W and not chmrge t«* to GRAPH UNLOCK. 
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The profiling graph can be altered at any time during the treatment. Completed time segments 
will be represented as shaded bars, which of course cannot be altered. Tne operator can unlock 
the graph as before and select an average or manual profile to be performed over the remainder 
of the treatment. The current rate can be changed, and UF only can be started or stopped at any 
time during the treatment. 

By touching the SET CALC PROFILE button while the graph is unlocked, all uncompleted 
profile segments wiD be set to. constants Thiacanbe 
used at any time the graph is unlocked, and wm luiictton as "dear" buono du^ 
represents the initial profile prior to operator intervention. 

If the graph has been entered and verified and is altered because of a change in target UF 
volume, total treatment time, or an alarm causes minimum UF, touching the RESET LAST 
PROFILE button on the UF Screen will cause the previous profile to appear on the graph. 
Completed time segments will indicate the tot rate perfbni^ during that seginent If u^ 
does not meet Target, die operator can then touch GRAPH UNLOCK and GRAPH VERIFY, 
which will take the normal action described above. 



When button # 6 on the UF Profile screen is touched (TEMPLATE PROFILES), the following 
buttons appear on the right side of the screen; LAST SCREEN, MIRROR SODIUM, RECALL 
PROFILE In, SAVE PROFILE #n, BLANK, BLANK, BLANK (Verify). The functions of the 
Template Profile screen will be as follows; 

Template Profile Screen 

LAST SCREEN - Goes back to the UF Profile screen 

MIRROR SODIUM - Sets a UF profile that resembles the Na profile 

RECALL PROFILE #h - Recalls a profile from SRAM 

SAVE PROFILE fn - Saves the current profile to SRAM 

When the MIRROR SODIUM button is touched, the UF graph will be set to approximately the 
same XY coordinates as the Na profile, with no shifting to accommodate target UF goal. The 
operator will be required to verify and adjust the profile as needed. 



The profile templates are intended to function as the name implies, as templates or basic shapes 
only. The operator will be required to verify and adjust the profile as needed. 
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When the RECALL PROFILE button is touched, the graph will be set to the stored profile, and 
the VERIFY button will appear. If no profiles have been stored, the button will honk and a 
message mil appear in the instruction window indicating no profiles available. 

If at least one profile is available, it will be displayed in the unlocked state, and the profile 
number on the button will increment if another profile is available. Each subsequent button touch 
will recall the next available profile and increment the button, until the 6th or last available 
profile is displayed. The button will then wrap around to the first profile. When the desired 
profile is displayed, the operator can touch VERIFY and LAST SCREEN to activate the profile. 

The SAVE PROFILE «n button will initially be set to SAVE PROFILE prior to any button 
touches. On the first button touch it will highlight, change to SAVE PROFILE «, and the verify 
button will appear. Each subsequent button touch will increment the profile position on the 
button, until the 6th position is reached, which will then wrap around to the first 

When the Verify button is touched, the current profile will overwrite any previous profile stored 
in the memory position displayed on the button. 

Button position US should be saved for future expansion. Standard ROM'd profiles could be 
20 recalled with this button, as with the RECALL PROFILE #n button feature, when and if those 
are developed. 



HE 



15 



25 When the UF ONLY button is touched from the UF profile screen the graph will be enabled for 
UF Only profiled entry. The UF ONLY button will change to UF ONLY VERIFY. 

When a segment is touched in this mode it will highlight a "B" in the Dialysis time bar, 
indicating UF only during that time segment. Conversely, when a highlighted segment is 
30 touched, it will remove the "B" from the time bar and turn off UF only during that segment 

If the UF ONLY VERIFY button is touched, the button will change back to UF ONLY and foe 
selected segments will become active. 

35 The highlighted "B's" will remain on the prescribed time axis indicating the selected UF Only 
segments. Completed, current, and future bypass time segments will be displayed this way. 
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When the madnne 1S in UF Only the d.alysate flow rate wUl be automatically lowered to 300 
^min. It will be reset to the piously set flow rate automatically upon completion of the 



bypass sequence. 



UF Only will override manual bypass. If n-nua. bypass is active and the operator ^ectsUF 
, ^ be disabled during UF only, and will flash as in manual bypass. 



The n**ne state indie** in the low left corner „f the scre« wiU indict W ONLY 
when UF Only is active. UF Only will be a sub-state of Dialyze. 



«y< Treatment Parameters! 
_ -yi KMtinMt time will be entered via the calculator as before. This time will 

and dialysate circulating through the dialyzer). 

Sc^te docks will be maintained for UF Only time and dialysis time. The elapsed ^t 

UF Only time and dialysis time will be displayed on the UF data report. 

Dialysis time will not increase during UF Only, or during extracorporeal or dialysate alarms. 

during extracorporeal alarms and when UF rate is set to iero. 

UF removal will continue dunng manual and dialysate alann bypass. Therefore UF ^Ur^may 
he reached prior tototal tre*nent time. If so, UF rate will go to minimum until end of treat- 
30 meat time. 

Total blood processed will accumulate only dunng dialysis time. ToUl infused heparin will 
accumu late any time heparin is infused, including while in UF only. 



35 

If the profiled UF volume does not meet the target volume, because a parameter has been 
lljoriftheuser entered 
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PROFILE is touched, a message will appear in the warning window prompting the operator to 
^just profiling graph. In addition, the audio alarm will sound intermittently, approun»tely 
every 90 seconds. 

If the UF mte w» chtmged n-m-lly . the graph will be set to the new rato for the ren»i»tog 
treatment If the target volume or treatment tunes me ctanged, the graph will be set to a 
concern* which meets Urge* volume. When this occurs, the RESTART PROFILE button will 
appear on the UF screen and operate as described above. 



When the UF, UF profile, UF profile verify, or UF profile template screens are active and an 
extracorporeal or dhdyssle almrn occurs, machme wiU go b^ to the mam screen (PRIME or 
DIALYZE). If the profiling gnph is unlocked, the most recent locked profile will be saved ami 
will be displayed in the locked mode the next time the UF profiling screen is entered. IftheUF 
Only mode is active, the last verified UF Only profiled segments will be active. 

If the graph is unlocked when the UF Profile Screen is exited, because of all alarm or a LAST 
SCREEN button touch, an error beep will occur and a message will appear in the instruction 
window indicating "UF profile not verified." 



20 Vp pata Rcoort; 

« <i »u. T„ct«,eHnfi Window and Alarm windows. The data included will 
This data report will overlay the Instruction winaow ana 

be as follows: 



25 Times: 

Treatment Time 
Elapsed Dialysis Time 
R emainin g Dialysis Time 
30 Elapsed UF Only Time 

Remaining UF Only Time 



Volumes: 

35 UF Target 
UF Removed 
UF Remaining 
UF Only Target 
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UF Only Removed 
UF Only Remaining 
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USER INTERFACE FOR UF-PROFttJNG 



APPENDIX B 
APPLICATION OF GROG AN ET AL. 
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f disolavs accompanying the foUowing actions: 
Fins 12-18 depict a sequence of screen displays acwnuiMuj 6 

FIGS. 12 i» oepic »s _ windows in the default state. 

1. FIG. 12: main screen in the Prune Mooe, wiin *" 

Touch the TARGET UF window. 

The UF control buttons appear. 

The maximum and minimum Target UF values are displayed in the TARGET 
UF window. 



2. FIG. 13: 

Touch the TARGET UF VOLUME button. 

3. FIG. 14: The keypad appears. 

Enter the volume to be removed in liters. 

The System 1000™ will calculate the required UF rate. 

4. FIG. 15: 

To view the UF Data Report, touch the UF DATA REPORT 



5. FIG. 16: The UF Data Report appears. 

6. HG. 17: 

To profile UF, touch the PROFILE UF button. 

7. FIG. 18: The UF profile controls appear. 



25 FIG. 19: 



35 



n0 „ fa an illustration of the main profiling screen, or UF Profile screen. When the 

^Ltrea^Un^t^UTvo^ 

to a calculated value which will meet target volume over the treatment tune. 

axis), and the target volume is 9.50 liters. ineraw»» 
lower left hand corner of the graph. 

.nd 3.50 L/hr, respectively). Tney are set in me calibration mode. 
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FIO. 20: 



^^C^HUNLOCK/ORAPHVHRIPV^UPO^O^VB^ 
^^^whichwrn^expU^Ute, The VERIFY button (position 7) appears at 
5 appropriate times, when a operator confirmation is required. 

b n G .20.Gl^HUNLOCKhasb^^^^ 
indicator "blips" and enables the graph for profiling. 

■ » /-d 4bh VPRTFY and the mode indicator in the 
10 The GRAPH UNLOCK button has changed to GRAPH VERIFY, ana 

bright hand comer of the graph indicates UNLOCK' ed status. 

Nonce thataUbUpsbey^ ^ 
caaot be altered unless the treatment time is extended. 



15 



25 



30 



FIG. 21: 



to no. 21. •„» tap to *g«« '" v •• 10 

the first 15 minute tune segment (A axis;, iw »»v 



20 the location of the touch. 



time segment 

above the graph limit of O L/hr. 

w K*m chanced to 9.54 L, reflecting the slight 
Tfc* -Profiled' value at the top of the graph has been cnangea ^ 



35 FIG. 22: 



, , CCT average PROFILE, which causes the profile to be 
In FIG. 22, the operator has touched SET AVERAGE PKUr feature can be 

, ^ximaic stndgh, Ui* between u» first and last time segments. This feature can be 



set to ant 
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.. u si. u , m 1ocked and either the first or last time segment can be 
naed at any time that the profile is unloclcea, anu ««• 

adjusted. 

^ ,. 1M( __ let ed time segment would be the starting point for the 
In the DIALYZE Bode, the first uncompleted time segn» 

5 average profile. Completed time segments are not altered at any tune. 

* . H cn —wafi-mtint? the large increase in the profile 
The Profiled value has been changed to 11.50, ^presenting the larg 

integral. 



10 FIG. 23: 



15 



20 



25 



30 



. , ,, roAPH VERIFY button. If the Profiled value and 

Target value are equal, the grapa win « 

GRAPH UNLOCK, and a line is draw through each of the blips. 

FIGS. 24-25: 

i Tiw«,ftwe when the GRAPH VERIFY 
to this caseU^Profile and T^values^e unequal. Therefore, 

button is touched, the UF Profile Adjust screen appear, (FIG. 24). 

buttons, it must be verified to insure proper UF removal. 

, . F - M ^operator has two options: Change the Target value to the 

Profiled value indicates the shift. 

*«- m fila has shifted and meets the Target. If allowed to time 
The VERIFY button appears once the profile has shifted «w 

, ««-tdv 5 seconds) the profile will shift upward to its original state. In tins examp 
out (approximrtely 5 seconds) P™ fc w with the 

the VERIFY button is touched, cansmg the display to go oaa 

graph locked (FIG. 25). 

The profile isadjusieo , . . „ fo- come reason the profile will not adjust, an error honk 
shape of the profile is maintained. If for some reason we p™ 

, , , n—saee amxars in the Instruction Window. 

sounds and an error message appoua ■» 
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Fl „ to .c«.fn 0 .2<.^^^~ ta ^"^ , °*' UF 

5 mode. 

tut torched tf» ADJUST TARGET button on the screen of FKK 24, dw Tefget 

value would change to 1 i.w ™» volume set to 

battoo would cause tie display to go to the UF Profile screen, wtth the Target volume 

U.50 L, and with the graph locked in .ts previous coupon . 



10 



value will go back to 9.50 and the UF Profile Adjust screen would be active. 



15 fa FIG. 25. the GRAPH UNLOCK 
FIG. 26. 



button is touched, leading to the unlocked profile shown in 



FIGS. 26-27: 
(FIG. 27). 

, _ draw a profile using the profile as . reference, as it represents the 
From here Hie operator can draw a pronie usm B v 

25 target removed. 

In FIG- 27, <he profile bee been "denied" by the SET TO CALC button. 

^^n^n 9( fitt.0.»e^»»^^^-^" O, - OT-, ' ,to 
35 profile meets the target 
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HG. 28: 

In FIG. 28, the operator has "drawn" . profile by touching the graph in the arrangement indicated 
by the blips. Theblips pointed out by arrows have be*, set to the nraxin^ and oininmm UF 
nues, because the touches were at or outside those limits. 

Also in FIG. 28, the operator has profiled, and has touched GRAPH VERIFY to lock the profile. 
Noticc d^ the Profiled and Target values are not equal. Now, when the GRAPH VERIFY 
button is touched, die Adjust screen will appear (FIG. 29). 

FIG. 29: 

In FIG. 29, the UF Profile Adjust screen has been displayed, and the ADJUST PROFILE button 
has been touched. 

The segments that were previously^ 

The shifting logic will not move a blip that has been s« to a Unnt, and wiU not n!Ove a blip past 
.limit. If. in the process of shifting a profile, any blip meets or «c«ds the rate limits, those 
bhps are set to the limit, «id the excess volume is evenly distributed (shifted) over the rest of the 

20 profile. 
FIG. 30: 

In FIG. 30, the shifted profile has been verified and the graph is in the locked mode. 

The UF ONLY button is used to program UF Only time segments. "UF Only" is a machine state 
in which the UF system continues to remove fluid from the patient while the dialysate system is 
in bypass, during which the dialysate in the dialyzer is stationary. 

30 The UF ONLY button works similar to the GRAPH UNLOCK/GRAPH VERIFY button. It 

enables the graph for UF Only profiling. The UF ONLY button is disabled when the graph is in 
the locked state. 



To 



begin UF Only profiling, the GRAPH UNLOCK and UF ONLY buttons are touched in 



35 
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fcHG 31 thegnphi.inU.unloc.ed.UFOn.yeotryn.ode. The UF ONLY button has 

ZLZ^^^'^ Unlike the GRAPH VERIFY button, no 
shifting or adjustments take place with the UF Only feature. 



In the 



UF Only profile mode, the blips will not respond to graph touches. 



10 FIG. 32: 



InFIG 32 thegnph has been touched in the third and fifteen* time segmen*. Any touch on 

In FIG. 32, tne grapn o» (indicated by 

the mob will toggle UF only during that segment, regardless of the UF rate umi * 

the graph wdltogg set to UF Only when touched, it will change back 

the dashed boxes). If a segment is previously se» « / 

tbeoasneaoo j The sesment status is indicated by a "B" (Bypass) in the 

15 to noii-UF Only, and vice-versa. The segment stems » 

prescribed time bar. 



Time segments 



beyond die prescribed trertment time c«»not be set to UF Only. 



20 



»a have been selected, the UF ONLY VERIFY button is then touched, 
Once UF Only segments ^ J"""^ and the UF Profile screen is displayed 
locking the indicated segments to perform UF Only, ana me 



(FIG. 33). 



HG. 33: 



25 _ u— ^verified The machine will enter the UF Only 

In FIG. 33, the UF Only time segments have been verified, inemacnn. 

stoto at the :45 and 3:45 times in the treatment 

^«™«itsc«n be changedat«ny time, as long as that time segment has not 
These UF Only time segments can ue w»ue 

30 been completed. 

Alio in FIO. 33. tf» TEMPLATE PROFILES bttttoo fi*» l* 80 Wdud, lading to la, UP Profile 
Templates screen (FIG. 34). 

35 FIG. 34: 

In FIG. 34. the SAVE PROFILE button touch has caused the VERIFY button to appear and *#1" 
to be appended to the SAVE PROFILE button. 
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lf the SAVE PROFILE #1 button is touched again before the VERIFY button times out 
(•Intimately 5 seconds), it will change to SAVE PROFILE tt, and the VERIFY button 
ti^wUl be reset to 5 seconds. Subsequent touches (prior to VERIFY button timeout) will 
the '(to' to increment up to 6, and then loop back to 1, and so on. 



If the VERIFY button is touched, the current profile will be stored in the memory location 
indicated on the SAVE PROFILE 0n button, and will overwrite the profile previously stored 
.here. If the VERIFY button times out, the profile is not saved and the SAVE PROFILE #n 
changes back to SAVE PROFILE. 



10 



Also 



in FIG. 34, the VERIFY button is touched, and the profile is stored in location #1. 



FIG. 35: 

15 In HG. 35, the Profile templates feature allows the operator to store and retrieve profile 
.eamtates from treatment to treatment The templates are stored in static RAM where they 
rennun even after power loss. The SYSTEM 1000 will store and retrieve up to 6 templates. 

Also in FIG. 35, the SAVE PROFILE has been touched, as the operator intends to store this 
20 profile. 



From the screen 



of FIG. 35, the LAST PAGE button can be touched to return to the UF Profile 



25 HG. 36: 

In HG. 36, the operator has entered a new profile manually. This is possible any time the graph 
is unlocked. 

30 FIG. 37: 

In FIG. 37, the operetor has touched SAVE PROFILE twice, causing it to indicate SAVE 
PROFILED. The VERIFY button is then touched, storing the current profile in location 2. 
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FIG. 38: 

to FIG. 38, the operator has touched RECALL PROFILE, which caused the button to change to 
RECALL PROFILE #1, and caused the VERIFY button to appear. In addition, the profile stored 
5 in location #1 was drawn on die graph. 

If the RECALL PROFILE button is touched again prior to the VERIFY button tuning out, the 
next stored profile will be displayed and the number on the button will increment (much tike the 
SAVE PROFILE button). If the verify button is allowed to time out, regardless of the number on 
10 the RECALL PROFILE button, the graph will go back to the original profile, prior to the first 
RECALL PROFILE button touch (FIG. 35). 

U the VERIFY button is touched, the current profile (indicated on the RECALL PROFILE 
button) remains on the graph and becomes the active profile. 



IS 



30 



35 



HG. 39: 



In FIG. 39, the operator has touched the MIRROR SODIUM PROFILE button, which causes a 
profile to appear on the graph which resembles the Sodmm proffle. and causes the VERIFY 



20 button to appear. 



The Mirror 
available to the operator. 



Sodium feature is similar to Recall Profile, in that an unadjusted profile is made 



25 To determine the mirror profile, the Sodium profile is scaled to the current UF rate limits. The 
sodium profile illustrated in FIG. 39 actually started at the extreme upper left hand comer of the 
Sodium graph, and extended to the tower right hand corner (the Sodium profile is allowed to 
exceed the treatment time limit). 



The nrirrored profile has been scaled to fit within U« UF r^ liinits wtoch c«i^ the upper left 
comer of the. mirror profile to start at UF rate 3.50L. The lower right comer h* been truncated, 
due to the required niinimum UF rate beyond the treatment time. 

Touching the VERIFY button makes the mirror profile the active profile (like RECALL 
PROFILE/VERIFY). Allowing the VERIFY button to time out returns the original profile to the 
graph. 
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Tbe profile interval defaults to 15 minute segments, and can be changed to 30 or 60 minutes in 
the calibration program. When the interval is set to 30 or 60 minutes, blips within each segment 
move concurrently when that segment is touched. 

5 FIG. 40: 

FIG. 40 shows bom 30 and 60 minute intervals. The dashed box on the left shows the segment 
ana forme 30 minute interval. Any touch within the dashed box will cause both blips to move 
to that position. 

10 

Likewise, the dashed box on the right shows the segment area for a 60 tmnute interval. 
The UF Only time segments are also adjustable in calibration. 
15 FIG. 41: 

FIG. 41 shows the same segment areas, with the graph in the UF Only entry mode. 
The -BV for each segment operate concurrently, as do the blips while profiling UF rate. 

20 
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CLAIMS. 

1. A method of providing operational instructions to a hemodialysis machine, 
having a programmable memory and having ultrafiltration capability, so as to enable the 
oachine to perform ultrafiltration of a patient according to a time-variable ultrafiltration 

profile, the method comprising: 

(a) entering into the programmable memory a prescribed time for dialysis; 

(b) entering into the programmable memory a target-UF volume to be removed 
from the patient; 

(c) entering into the programmable memory a proposed UF profile being 
represea tabl e as a plot of coordinates on a UF-rate axis and a time axis and defining a profile- 

UF volume; and , 

(d) if the profile-UF volume is not equal to the target-UF volume, shifting the 

proposed UF profile along the UF-rate axis until the profile-UF volume is equal to the 
target-UF volume, then entering the shifted UF profile into the programmable memory in 
place of the proposed UF profile so as to allow the hemodialysis machine to achieve, while 
ultrafiltrating the patient according to the shifted UF profile, the entered target-UF volume 

within the entered prescribed time. 

2. A method of prwidmg operational instructions to a hemodialysis machine 
having, programmable memory and having ultrafiltration cpability so a, to enable the 

to perform ultrafiltration of a patient according to a time-variable mtmfiltnition 



profile, the method comprising: 

(a) providing a user/machine interface configured as a touch screen operably 

connected to the hemodialysis machine; 

(b) using the touch screen, entering into the programmable memory a prescribed 

25 time for dialysis; 

(c) using the touch screen, entering into the programmable memory a target-UF 

volume to be removed from the patient; 

(d) displaying on the touch screen first and second intersecting axes defining a 
UF-profile region, the first axis corresponding to UF rate, and the second axis corresponding 

30 to time; 

(e) touching the touch screen at a plurality of pomts within the UF-profile 
region so as to define a proposed continuous UF-rate-versus time profile defining a profile-UF 
volume; and 

(0 if the profile-UF volume is not equal to the target-UF volume, shifting the 
35 proposed profile along the first axis to produce a shifted profile, then entering the shifted 
profile into the programmable memory so as to allow the hemodialysis machine to achieve, 
while ultrafiltrating the patient according to the shifted profile, the entered target UF volume 
within the entered prescribed time. 
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3. A method of providing operational instructions to a hemodialysis machine 
having a programmable memory and having a capability of ultrafflWting a p*ent according to 
a time-variable ultrafiltration profile, the method comprising: 

(a) providing a user/machine interface configured as a touch screen operably 

5 connected to the hemodialysis machine; 

(b) using the touch screen, entering into the programmable memory a prescribed 

time for dialysis; 

(C ) using the touch screen, entering into the programmable memory a target-UF 

volume to be removed from the patient; 

10 (d) displaying the target-UF volume; 

(e) whUe displaying the target-UF volume, displaying on the touch screen first 
and second intersecting axes defining a UF-profile region, the first axis corresponding to UF 
rate, and the second axis corresponding to time; within which UF-profile region a UF-rate- 
versus-time profile can be displayed which defines a profile-UF volume; 

15 (f) providing a display of profile-UF volume; and 

(g) while observing the displayed urget-UF and profile-UF volumes, touching 
the touch screen at a plurality of points within the UF-profile region ao a, to define a UF-rate- 
versu. time profile defining a profile-UF volume equal to the target-UF volume. 

4 A method of providing c 1 x«anonal instructions to a dialysate-producmg 

20 nucbine having a uaer-progmmu-ble memory, a ctmabflity of dunging sodium concetumtion 
in the dialysato according to a time-vuuble sodium profile, and a capability of uUrafil«ting a 
patient according to a ume-v«uble ultrafiltration profile. so a. to enable the n-chme to 
produce dialysate loving Oscular sodium and ultrafiltration characteristics at ™ous times 
during use of the machine for a dialysis procedure, the nieth«i compriam^ 

25 "* (a) providmg.user/m^ intnAce eonfigutod « . tonch ^ opem!^ 



30 



35 



connected to the dialysate-producing machine; 

(b) prograrnming into the user-progranm»ble memory a desired sodium profile; 

(c) providing on the touch screen an indicium enabling a user of the machine to 
create an ultrafiltttion profile that substantially conforms to the sodium profile; 

(d ) using the touch screen, displaying on the touch screen first and second 
intersecting axes defining a UF profile region, the first «ia conesponding to UF rate, and the 
second axis corresponding to time; and 

(e) touching the indicium provided in step (c) to cause the touch screen to 
display within the UF profile region an ultrafiltration profile substantially conforming to the 
sodium profile prognunmed in step (b). 5. A method of providing operational 
^strucuons to a dulys^producmg machine having a rnemory and a capabihty of 
ultmfiltrating a patient according to a time-variable ultrafiltration profile, so as to enable the 
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machine to produce dialysate having particular ultrafiltration characteristics at various times 
during use of the machine for a dialysis procedure, the method comprising: 

(a) providing a user/machine interface configured as a touch screen operably 
connected to the dialysate-producing machine; 
5 (b) progr amming into the memory a first ultrafiltration profile; 

(c) providing on the touch screen an indicium enabling a user of the machine to 
recall the first ultrafiltration profile from the memory; 

(d) using the touch screen, displaying on the touch screen first and. second 
intersecting axes defining a UF profile region, the first axis corresponding to UF rate, and the 

10 second axis corresponding to time; and 

(e) touching the indicium provided in step (c) to cause the touch screen to 
display wi thin the UF profile region a second ultrafiltration profile substantially conforming to 
the first ultrafiltration profile. 

6. A method of providing operational instructions to a hemodialysis machine 
15 equipped with a programmable memory, so as to enable the machine to operate according to 

an operational parameter that can vary over time, the method comprising: 

(a) entering into the programmable memory a time period; 

(b) entering into the programmable memory a target cumulative value 
corresponding to the operational parameter to be achieved while operating the machine during 

20 the time period; 

(c) entering into the programmable memory a proposed time-varying profile of 
the operational parameter to be executed by the machine during the time period, the profile 
being representable as a plot of coordinates in a region defined by an ordinate of values of the 
parameter and a time-based abscissa, the plot defining a profile cumulative value of the 

25 parameter, and 

(d) if the profile cumulative value is not equal to the target cumulative value, 
changing the proposed time-varying profile along the ordinate so that the profile cumulative 
value is made equal to the target cumulative value, then entering the changed profile into the 
progr amm ab le memory in place of the proposed profile so as to allow the hemodialysis 

30 machine to achieve, while operating, the entered target cumulative value within die time 

7. In an apparatus for performing hemodialysis comprising means for circulating 
dialysate through a dialysate compartment of a hemodialyzer and means for effecting 
extracorporeal circulation of blood through a blood compartment of the hemodialyzer, an 

35 improvement comprising: 

(a) programmable memory means; 

(b) means for entering a time period into said memory means; 
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(c) means for entering into said memory means a target cumulative value of a 
time-varying parameter to be achieved while operating the apparatus during the time period; 

(d) means for entering into said programmable memory means a proposed time- 
varying profile of the operational parameter to be executed by the apparatus during the time 

5 period, the proposed profile being representable as a plot of coordinates in a region defined by 
an ordinate of values of the parameter and a time-based abscissa, the plot defining a profile 
cumulative value of the parameter, 

(e) means, responsive to the entered time period and entered proposed profile, 
for comparing the profile cumulative value with the target cumulative value; 

10 (0 means, responsive to said means defined in (e), for changing the proposed 

profile along the ordinate so mat profile cumulative value is made equal to the target 
cumulative value; 

(g) means for entering the changed profile into said memory means in place of 
the proposed profile; and 

15 (h) means, responsive to said means defined in (g), for causing the apparatus to 

operate according to the changed shifted profile so as to enable the apparatus to achieve, while 
operating, the entered target cumulative value within the time period. 
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AMENDED CLAIMS 

eceived by the International Bureau on 11 April 1994 (1L 04 94); 
original claims 1-7 replaced by amended claims 1-7 (4 page.) J 

1 a method of providing operational instructions to a hemodialysis machine, 
having a programmable memory and having ultrafiltration capability, so as to enable the machme 
„ perform ultrafiltration of fluid from a patient according to a time-variable ultrafiltration profile, 

S the method comprising: 

(a) entering into the programmable memory a prescribed time for dtalysts; 

(b) entering into the programmable memory a targd-ultmfiltration volume of 

fluid to be removed from the patient; 

(c) entering into the programmable memory a proposed ultrafiltration profile 
10 being representee as a plot of coordinates on an ultrafiltration-** axis and a time axis and 

defining a profile-ultrafiltration volume; and 

" (d) shifting the proposed UF profile along the ultrafiltration-rate axis to the 

degree necessary to make the profile-ultrafiltration volume equal to toe target-UF volume so as to 
allow the hemodialysis machine to achieve, while ultrafiltrating the fluid according to the shifted 
,5 ultrafiltration profile, the entered target-ultrafiltration volume within die entered prescribed tune. 

2. A method of providing operational instructions to a hemodialysu machine 
having a programmable memory and having ultrafiltration capability so as to enable the machine 
to perform ultrafiltration of fluid from a patient according to a ume-variable ultmfiltration profile, 
the method comprising: 

20 (a) providing a user/machine interface configured as a touch screen operably 

connected to the hemodialysis machine; 

(b) using the touch screen, entering into the programmable memory a 

prescribed time for dialysis; 

(C ) using the touch screen, entering into the programmable memory a target- 

25 ultrafiltration volume of fluid to be removed from the patient; 

(d) displaying on the touch screen first and second intersecting axes defining an 
ultrafiltration-profile region, the first axis corresponding to ultrafiltration rate, and the second axis 

corresponding to time; 

(e) touching the touch screen at a plurality of points within the ultrefiltraUon- 

30 profile region so as to define a proposed continuous ultrafiltrafion-rate-versus time profile 
defining a profile-ultrafiltration volume; and 

(f) shifting the proposed profile along the first axis to the degree necessary to 
.nake toe profile ultrafiltration volume equal to the target ultrafiltration volume so as to allow the 
hetnodialysis machine to achieve, while ultrafiltrating the fluid according to the shifted profile, 

35 the entered target ultrafiltration volume within the entered prescribed time. 

3 A method of providing operational instructions to a hemodialysis machine 
having a programmable memory and having a capability of ultrafiltrating fluid from a patient 
according to a time-variable ultrafiltration profile, the method comprising: 
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(a) providing a user/machine interface configured as a touch screen operably 
connected to the hemodialysis machine; 

(b) using the touch screen, entering into the programmable memory a 

prescribed time for dialysis; 

(c) using the touch screen, entering into the programmable memory a target- 

ultrafiltration volume of fluid to be removed from the patient; 

(d) displaying the target-ultrafiltration volume; 

(e) while displaying the target-ultrafiltration volume, displaying on the touch 
screen first and second intersecting axes defining an ultrafiltration-profile region, the first axis 
corresponding to ultrafiltration rate, and the second axis corresponding to time; within which 
ultrafiltration-profile region an ultrafiltration-rate-versus-time profile can be displayed which 
defines a profile-ultrafiltration volume; 

(0 providing a display of profile-UF volume; and 

(g) while observing the displayed target-ultrafiltration and profile-ultrafiltration 
15 volumes, touching the touch screen at a plurality of points within the ultrafiltration-profile region 
so aa to define a ultrafiltration-rate-versus time profile defining a profile-ultrafiltration volume 
equal to the target-ultrafiltration volume. 

4. A method of providing operational instructions to a dialysale-producing 
machine having a user-programmable memory, a capability of changing sodium concentration in 
20 the dialysate according to a time-variable sodium profile, and a capability of ultrafiltrating fluid 
from a patient according to a time-variable ultrafiltration profile, so as to enable the machine to 
produce dialysate having particular sodium and ultrafiltration characteristics at various times 
during use of the machine for a dialysis procedure, the method comprising: 

(a) providing a user/machine interface configured as a touch screen operably 

25 connected to the dialysate-producing machine; 

(b) programming into the user-programmable memory a desired sodium profile; 

(c) providing on the touch screen an indicium enabling a user of the machine to 
create an ultrafiltration profile that substantially conforms to the sodium profile; 

(d) using the touch screen, displaying on the touch screen first and second 
30 • intersecting axes defining a ultrafiltration profile region, the first axis corresponding to 

ultrafiltration rate, and the second axis corresponding to time; and 

(e) touching the indicium provided in step (c) to cause the touch screen to 
display within the ultrafiltration profile region an ultrafiltration profile substantially conforming to 

the sodium profile programmed in step (b). 
35 5i A method of providing operational instructions to a dialysate-producing 

machine having a memory and a capability of ultrafiltrating fluid from a patient according to a 
time-variable ultrafiltration profile, so as to enable the machine to produce dialysate having 
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particular ultrafiltration characteristics at various times during use of the machine for a dialysis 
procedure, the method comprising: 

(a) providing a user/machine interface configured as a touch screen operabiy 

connected to the dialysate-producing machine; 
5 (b) programming into the memory a first ultrafiltration profile; 

(c) providing on the touch screen an indicium enabling a user of the machine to 
recall the first ultrafiltration profile from the memory; 

(d) using the touch screen, displaying on the touch screen first and second 
intersecting axes defining a ultrafiltration profile region, the first axis corresponding to 

10 ultrafiltration rate, and the second axis corresponding to time; and 

(e) touching the indicium provided in step (c) to cause the touch screen to 
display within the ultrafiltration profile region a second ultrafiltration profile substantially 
conforming to the first ultrafiltration profile. 

6. A method of providing operational instructions to a hemodialysis machine 
15 equipped with a programmable memory, so as to enable the machine to operate according to an 
operational parameter that can vary over time, the method comprising: 

(a) entering into the programmable memory a time period; 

(b) entering into the programmable memory a target cumulative value 
corresponding to the operational parameter to be achieved while operating the machine during the 

20 time period; 

(c) entering into the programmable memory a proposed time-varying profile of 
the operational parameter to be executed by the machine during the time period, the profile being 
representable as a plot of coordinates in a region defined by an ordinate of values of the 
parameter and a time-based abscissa, the plot defining a profile cumulative value of the 

25 parameter; and 

(d) changing the proposed time-varying profile along the ordinate to the degree 
needed to make the profile cumulative value equal to the target cumulative value so as to allow 
the hemodialysis machine to achieve, while operating, the entered target cumulative value within 
the time period. 

30 7, In an apparatus for performing hemodialysis comprising means for 

circulating ^lialysate through a dialysate compartment of a hemodialyzer and means for effecting 
extracorporeal circulation of blood through a blood compartment of the hemodialyzer, an 
improvement comprising: 

(a) programmable memory means; 
35 (b) means for entering a time period into said memory m ea ns ; 

(c) means for entering into said memory means a target cumulative value of a 
time-varying parameter to be achieved while operating the apparatus during the time period; 
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(d) means for entering into said programmable memory means a proposed time- 
varying profile of the operational parameter to be executed by the apparatus during the time 
period, the proposed profile being representee as a plot of coordinates in a region defined by an 
ordinate of values of the parameter and a time-based abscissa, the plot defining a profile 

5 cumulative value of the parameter, 

(e) means, responsive to the entered time period and entered proposed profile, 
for comparing the profile cumulative value with the target cumulative value; 

(0 means, responsive to said means defined in (e), for changing the proposed 
profile along the ordinate so that the profile cumulative value is made equal to the target 
10 cumulative value; 

(g) means for entering the changed profile into said memory means in place of 
the proposed profile; and 

(b) means, responsive to said means defined in (g), for causing the apparatus to 
operate according to the changed shifted profile so as to enable the apparatus to achieve, while 
15 operating, the entered target cumulative value within the time period. 
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